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—one after another

SUCCESSFULRadio Manufactutets
have adopted the

“The contributions of the Sprague Specialties Com Metal enclosed
to the Radio industry have long been accepted as au en- : : vent
tic improvements. ether in the field of paper or elec-
trolytic condensers, each Sprague product has been based
upon careful engineering, originality in conception and
design, full appreciation of the receiver manufacturer’s
‘problems and superb, modern manufacturing facilities.
t is a tribute to research, ensxneenng. manufacturing

One hole mount.
ing

Small space—high |

excellence and unguahﬁed uniformity of Sprague pro- capacity )
ducts, that the new gngue electrolytic condenser is now \
specified as standard equipment in many of the leading ) |
radio lines produced in dns country. One piece anade, 70

Successful radio manufacturers have created a situation
which establishes the Sprague electrolytic condenser as

the standard of the mdustry! Can — dull nickel

finish

Hlustrated booklet, diagrames, etc., furnished upon
request

SPRAGUE SPECIALTIES COMPANY
NORTH ADAMS, MASS.

High voltage—self
healing

8"R"tcus spEciaLTies €O
UIN( r-HMASS.
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A STRONG TUlE QRO

AT 1 Ay ot wae anncpced bl o
L consolighition  houd taken jdave wlhich
brought
orgautzation the Sylvann ocabiors G
pany and the Nilvo Lo Waoake Tne | both
of Emporvitm, e, mnl 1t
Lamp Company of Salem, A

Combined  sales ol thew
cmounted ta approximitely S onn e o
the year 1930. ‘The Fmpivainmn aned Sl
umits cach manulactores ineadvscem Wi
bulbs and radio fubes,  ‘The elecirn famg
bulbs are manutactured and ol vk 5
license agreement with the Cienorgl 1
tone Company.  The  Sylvanin
Company and Nilco Lamp Worke, Tno. 1o
gether do about the <wme volume = b
ness as the Hygrade Lamp Company, Hath
the Sylva-ua and Hygrade brands e
widely known and accepted i the helds in
which thcy operate.

"In view of the similarity of product, it
is natural that negotiations which have ex
tended over some period should terminate
in this combination, The combined co-
pany will be the largest so-called “independ
ent” mamifaciurer of electric kunp bulbs
and radio tubes, and the econounes of this
combination should result in more cihcient
service to consumers of these prarfucis,

Thus consolidation will be effecied with-
out resarling te additional public financing.
No new management or financial interests

Popether i onee avds b L g

l l\‘l'l-[lll'
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are involved in this consolidation and those-
officers who have been in charge of the-

separale businesses will continue with the
new comhination. No change is contem-
plated in the manufacturing facilities or
locations.
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President

Jas. A, WALKER
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of March 3, 1879, Ycarly subscription rate $200 in U. 5. and Canada; $3.00 in foreig:u count-ies,
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These coils, made
to exacting specif-
catioos, are typical
of the production
in Anacoanda’s Coil
Department at
Muskegon, Mich.

Anaconda Coils—
for DEPENDABILITY!

Radio engineers know from experience that they can rely on
Anaconda Coils @/ways. Their dependable performance has
earned favor throughout the radio industry.

This dependability is due not only to advanced principles
of design, but also to watch-making accuracy in construction.
Up-to-the-minute manufacturing methods and equipment . . .
and a series of most exhaustive tests . . . give Anaconda Coils
unsurpassed high quality and uniformiry.

There are Anaconda Coils . . . each one wound with Ana-
conda Magner Wire, of course . .. for every purpose in radio.
Let us tell you about them in full detail.

(1N
ANA&;\N DA
from m pgglzgzﬁsumer

ANACONDA WIRE & CABLE COMPANY

GENERAL OFFICES: 25 BROADWAY, NEW YORK
CHICAGO OFFICE: 20 NORTH WACKER DRIVE

Sales Offices in Principal Cities

Magnet Wire Mills at Muskegon, Mich., Anderson, Ind., and Sycamore, Ill.
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COMMUNITY

["HERE is at least an indica-
RADIO :

tion of a current trend of
thought with regard to broad-
casting facilities and services
contained 1n an application
recetved recently by the Federal Radio Commus-
sion. A corporation to be known as Community
Radio calls for reallocation of 25 of the present
96 broadcast channels having 10 kc. separations
—a total of 250 ke, so that 267 communities of
above 10,000 population may be provided with
organized local service,

It is suggested that the 25 adjacent channels be
subdivided to provide 125 adjacent community
channels having a 2 kc. separation, the power to
range from 10 to 100 watts. Placement might be
either 500-880 or 1250-1500 kc.

At a time when the Commission is being pressed
for authorization of higher transmitting powers
for certain cleared channel stations so that thesc
stations may cxtend their circles of coverage, it is
interesting to note the growing demand for purely
local stations.

It was obvious that as the art grew there would
develop a necd for local stations offering services,
other than entertainment, for which there may be
public demand.

A

RECORD { ONG experienced telegraph
COMMU. = executives and engineers
NICATION are interested observers of the

progress made Dby exccutives

and engincers reared in the
telephone business in continuing telegraph secvice
as a dividend paying business.

The International Telephone and Telegraph
Corporation now operates the land lines of the
Postal Telegraph Cable Company; the submarine
lines of the Commercial Cable Company, and All
America Cables.

A realization of the fundamental difference
between telephone and telegraph communication
is indicated by the International’s designation of
telegraph service as “Record Communication.”

A
TRAINING T HE Radio Dealers’ Associa-
SERVICEMEN * tion of Union County, New

Jersey, has taken a forward
step toward improvement in
teceiver servicing. The Eliza-
beth, N. J., Vocational School at the request of
the Radio Dealers’ Association will inaugurate
courses in radio servicing work for senior and for
junior servicemen who during the day time are

employed by radio dealers doing business in
Union County.

The purpose of the course is to better fit the
men for their duties and in turn render to the
public more efficient radio repair and instaliation
Services.

An Advisory Committee of three members of
the dealers’ association is cooperating with the
director of the Vocational School in setting up the
curriculum for the course.

Mr. Ralph E. Roe, secretary of the dealers’
association, states that the course will include ele-
mentary electrical and radio principles, circuit
tracing, trouble analyses, receiver installation,
tube testing, servicing ethics, etc.

Organized service courses of this nature are
of benefit to men whose experiences have been
practical rather than theoretical. Also, men who
have taken or who are taking correspondence
courses will find the practical application of
knowledge a matcrial aid in their studies.

A

MANUFACTURERS' i IKE Joseph's coat of many
PARTS  hues, the modern radio
REQUIREMENTS , rceciver has many parts, The

minufacturers of parts are in

these days of hustling for busi-
ness subjected to an aggravation of conditions
which obtain alwuys except when the supply is
less than the demand,

We refer to the practice of requiring parts
manufacturers to produce and submit samples to
specification—often  several  samples—at  shop
cost or no charge, later submitting sclected sam-
ples to other manufacturers for price quotations.

It would scem thar the manulacturer who
makes a nominal, non-profit charge for samples
which meet the requirements, should be given a
break in quoting competitively with other manu-
facturers who have heen to no expense whatever
in producing the samples. Tn fairness the com-
pany making up the selected sample parts should
be granted a margin on thair bid to help defray
the cost of sample makeup. Either this or other
bidders should be required to include in their bids
the cost of the makeup of the samples—this
amount to be credited to the maker of the sample
in reimbursement,

Plainly, here we have one of the ills of
modern industry, and one that organization should
be able to cure.

Oﬁ@naﬂd{; 477%(:0’(/

Editor.
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In thls FREE BOOK ... Scientists tell
which fastening device holds best!

FOR weeks scientists of the College of Engineer-
ing, New York University, tested the holding
power of fastening devices to determiue whether
Self-tapping Screws, noted for economy in asser-
bly work, have greater or less holding power
than the fastening devices they usually replace.

The investigation was unbiased and thorough. It
developed much new data on the holding power
of fastening devices under tension, shear and vi-
bration stresses. All of the information is given

in the free booklet offered here. It 1is illustrated
with photographs and charts; and also gives a
scientific explanation of why fastenings made
with Self-tapping Screws are more secure.

Every design and production man will find this
book interesting and informative. Simply rail the
coupon below. With it we will send, free, another
valuable booklet which shows how leaders in
the metal working industry are effecting import-
ant savings in the assembly of their products.

PARKER-KALON AHardened Self- tappmg Screws

PAT. IN U. 5. AND FOREIGN COURTAIES

SELE-TAVFINE BOATWY Nume gl Coismescmasminssmanmasma

e e w6

PARKER-KALON CORPORATION, Dept. L., 190.198 Varick Street, New York, N. Y.

Send me the free Security Booklet. Also free book of assembly economies.

------------------------------------------

-n "M'-l
& ol o aligeed
daevavnos Addresg -aacacaaaaan
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ygrade gives you this
latest development
in improved

tube construction

FORTIFIED TUBES BRACED
AT STRATEGIC POINTS

HE illustrations show why it is that Hygrade
Tubes can stand the jolts and jars of delivery
in the set without danger of inoperation or distorted

Fortified Against Breakage reception. Vibration and rough handling cannot
This sketch of the latest Hygrade 280 interfere with the space relation of the elements
(patent applied for) shows the mica
spreader (A) holding the plates in posi- because they are braced top and bottom. Hygrade,
tive proper alignment and (B) keeping . .
the filament in proper position ia rela- supplymg freSh) lateSt de51gn tUbes, OECrS to set
tion to the plate. makers the immediate advantage of fortified

construction.

Hygrade facilities permit the economies of quantity
production without sacrificing uniformity or qual-
ity. New developments constantly growing out of
our engineering research are instantly passed along
to the customer, for our inventory is small, assuring
the buyer of fresh tubes of latest improved design.

What Happens to
Old Style Tubes .
A severe jolt and sometimes a light im-
pact can destroy the effectiveness of old
type tubes. Many a set maker has en-
countered thix danger, cspecially in R A D I O I | | B E S
shipping tubes installed i1 the set.

Hygrade ends this loss through break-
age by supplying the fortified tube.

“Tubes You Can Trust?

Made by HYGRADE LAMPD CO., of Salem, Massachuseits, Makers of Hygrade Lamp Bulbs far Over 30 Years
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Announcing Tu-SoI Balanced
Unit Electrolytic Condenser

r I 'HE manufacturing precision and engineer-

ing skill which for years have been identified  ———T1—T1T1—1 LA l 2 B
with the name Tung-Sol, immediately stamp this 3 : >
N B 14
Tung-Sol condenser as a high class, reliable and - Il
. . 4
mechanically perfect product. 120 /;" /}
The Tung-Sol Balanced Unit ElectrolyticCon- "9 ) i
. . : |
denser meets price as well as engineering toler- we v )
ances. We will gladly submit sarples and prices. & “ / W
w
o
Characteristic curve chart © / /
(92 @ at right e
S o (o8 Hgh) e CHARACTERSTIC
Sy, ‘,‘,‘? Th'c Sollowing are c‘hamc- Bsaze CURVES 165
rS teristicsof Tung-Sol Electro- 4 —t— #31070 ELECTROLYTIC
Iytic Condenser at 140° F . It CONDENSER
(average operatiny temper- ;: sox | eox | sox| cou | son a0k 305 204 1o%
ature of modern radio sets). N MILLIAMPERE LEAKAGE AT 400VOLTS DC

Leakage current per 8 M. F. ! 2 4 6 =8 T
.85 M. A. Power foctor 15%.

Oscillogram rhowing power fuctor yvom .
temperature Cupuacity 835 M. F.

TUNG-SOL CONDENSERS INC., Chicqu, Illinois

Division of TUNG-SOL LAMP WORKS INC., Newark, New Jersey
Manufacturer TUNG-SOL RADIO TUBES

12 14 6 0 20




Page 8

THE ONLY
THING NEW

IN RADIO

SILENT AUTOMATIC
TUNING. . . . ... ..

VISUAL STATION &
TONE INDICATION

made pf).sfib/e by

PATENT an FOR

Automatic volume coatrol in radio sets is unquestionably a
distinct improvement, yet in many instances it has proved a
liability because of a seeming loss of selectivity and the appar-
ently high noise level which it introduces.

[ ] ] e ® L}

A new type of gas filled tube developed by Duovac in conjunc-
tionwith a simple novel circuitdesigned by Professor Alexander
Senauke, eliminates these disadvantages and permits full appre-
ciation of the real merits of automatic volume control.

® L] L ] ]

Silent tuning is now possible. Every audible station on dial
can be brought in unerringly even though the volume control
is curned down to a point where not a sound issues from the
speaker. Extraneous noises, static and other electric distur-
bances will not actuate the light column.
e ® ®

Circuit modifications for adopting TUNE-A-LITE are slight.
The economies effected in power pack design through the
use of TUNE-A-LITE, more than make up the cost of the tube
and of additional equipmem.

Manufactured by the makers of

“The Precision Radio Tube

DUOVAC RADIO TUBE CORP.
360 FURMAN STREET, BROOKLYN, N. Y;

DUOYAC

A small column of
startling brilliance
appearsinthe TUNE-

A-LITE as a station
is approached.

This column of light
rises to its maximum
height as peak re-
sonance is reached,
then gradually di-
minishesas the sta-
tion is passed.

Working models of the
TUNE-A-LITE will be
exhibited at the Hotel
Sherman during the
I. R. E.Convention.

Duovac representatives
will be at the Hortel
Stevens during the en-
tire week of the Radio

RADIO ENGINEERING

; N
b o i
s Sepase 1

L=Tlemibess

TUNE-A-LITE possesses

tremendous sales appeal,

compelling eye value and is

an absolute necessity for
A. V. C. sets.







GILBY A DEPENDABLE

SOURCE FOR TUBE MATERIALS

and electrical resistance alloy products

FILAMENT.  Qup Engincering and Production Departments in
strict co-operation with developments and accomplishments, have
won the confidence of the Radio Tube Industry for supply of
Radio Tube Filaments.  This was brought about by abselute
control of material, by succenslully meeting rigid speeifications,
and by duplicating laboratory developments in actual production.

GRID PLATE AND OTHER MATERIALS. GILBY WIRE

: can N "W yure lli(' o \'lll'i""ﬂ oy w e
COMIPPANY upply | kel | Hoyn for the
correet working of these pariz. GILGRID No. 40, which is n new
grid wire, is the latest development for the improved grid.

VIESTL GILBY SELVAGE MESH and plain mesh are long time
standards.

CARBONIZED NICKEL., GILBY WIRE COMPANY has been
a reliable source for uniform and improved carbonized nickel
sheet and mesh. We will co-operate with your Engineering
Department in developing the proper carbonized material for
your product.

RESISTANCE MATERIALS.  As in Radio products, GILBY
WIRE COMPANY’S Engineering and Production Departments
have accomplished real things in the improvement of resistance
malerials in nickel-chrome, copper-nickel und allied
materials.

ENGINEERING DEPARTMENT. GILBY WIRE
COMPANY’S Engineering Department is our contribution
to the industry in that we are devcloping new products.
improving processes continuously in order lo meet
requirements of the Radio and Electrical industries in
these days of over night demand for new and better
materials. OQur methods conform to mnoest rigid specifica-
tions, thereby cutting down shrinkage, so cssential in the
present business world. Specify GILBY products, and
your production costs will be reduced,

GILBY WIRE COMPANY

Wilbur B. Driver, President
NEWARK, NE WﬁJERSEY

e
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ockets o
mousetraps

“If a man write a better book, preach a
better sermon or make a better mouse-
trap than his neighbor,—though he build
his house in the woods— the world will
make a beaten path to his door.”

—Emerson.

Substitute the word “Socket” for “Mousetrap”
and you have the CRC picture!

. . .. Beloit, Wisconsin, is far enough from
the centers of Radio Set production to justify
the phrase “in the woods.”

. Yet — CRC Sockets—made in Beloit—
are a vital part of receivers manufactured in
every civilized country on the face of the globe.

. From. England * Australia « Sweden
Siam * South Africa * China * Japan « South
America * France * come orders—figuratively
“making 2 beaten path to our door.”

ve..In 1930, CRC made and sold more
sockets than ever before in it's history.

e ..+« The reason?

. . CRC Sockets are better Sockets!

CeNTRAL RAD1IO CORPORATION
Beloit .. Wisconsin

Representatives—
R. C. JAMES & CO Scattlc. Warhington
PAUL R. BUEHLER . 406 Harris Building, Los Angeles
A. C. SIMMONDS, 218 Froat 8t., Toronto, Ontario, Can.

O\/‘“/W =

_— \\\\\
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RADIO ENGINEERING

SEE AEROVOX EXHIBIT AT RMA TRADE SHOW—BOOTH NO. %4

The Most Complete Line of Screw
Mounting DRY Electrolytic
Condensers in the Radio
and Electrical Industries

|~ g \LRIYOX |
”,,,v.“ ﬁ.-.».,

Type IA Insulated Can

Dimensions—134”7x5%" Overall, Available in
capacities up to 8 mfds, in the 500-volt raling
and higher capacitics in lower voltage rcatings,

Type GA Grounded Can
Dimensions—134”x5# Overall.  Available in
capacities up to 8 mifds. In the $00-volt ratings
and higher capacities in lower voltage ratings.

Type GE Grounded Can

Maximum capacity in 500-volt rating—8 mfds.

Available in a wide variety of sizes, capacities, voltage characteristics and mounting features.
These units are Dry, Low in Cost per Microfarad per Volt Rating, Low in Lealkage, Compact, Light
in Weight, Safe, Surge-Proof, Self-Healing, and provide Long Life, Stable Operation and High
Filtering Efficiency, They may be mounted in any position—Upright, Inverted, Horizontal or at
any other angle.

Compact, Efficient and Reliable
Condensers for Many Purposes

A new extra small size
mica condenser avail-
able in capacitics up
to .0005 mfds.. rated
at 500 d.c. volts re-
test voliage and 250
d.c. waiking voIla?c_
Expecially adapted tar

Type 1465. use  in very  small
NPRCeS
Another new — e
midget mica Typo 280.
condensec is the e e
Type 1462 : ERIOVOX A compnct condenser made to meet manufac-
shown at  tho HADE IN U3 A, turers’  requirwioeats  for  an  ali-acound
nighs. Available _ A1 RO LAG cfficient, high quality and low cost con-
in capacities up denser,  These units are hermetically scaled
to .006 mids, Type 1462, in dspcci;n tubes and provided with wire
cads,

Send for Complete Catalog

FREE!

clectralytic condensers will be sent frec
of charge on request. Just check "The

Research Worker
The

vondenser cspecially adapted
for use In auwtomobile radios

Type 1120. Complate apecifications of all Acrovex

" ; 32 o vt u?its, :Indudlng lnsullzmon speéiﬁca!lioua
copy of a -page boak, contalning S ol condenscrs, carrylng capacities of ra-

a wealth of intormation on all types of A heat resisting. leakproof sistors and all physical dimensions,

eloctrical characteristics and lst prlces
of condenzers and reslstors, ara con-

Hi-Farad Elcctrolytic Condenser' on the and ather applications where talned jn a complete 40-page 1931 Com-
acgompanying coupon. E'll)gu*:\m‘_:g‘f'e"““"“ are en- donser and Resistor Mnnualgand Catalog

sont frce on request.

Agk for
The

Aerovox

Aerovox Rereatch

Check and Mail This Coupon

AEROVOX WIRELESS CORPF,
70 Washington Si.
Braoklyn, N. Y.

Gentlemen:

dune,

Radlg Eaqyincering,

1931.

Wearker is a free monthly
publication thal will keep

Plrase send me withaut charge or obligation:

7O WALHINGTON ST,
BROOKLYN,.NY,

you abreast af the latesl
devclopments
Your name will be pul on
the

ln  radio.

mailing list free al

() Your 40-page Condenser and Reslstor Manual

and Catalogue.
() The Rescarch Worker.

( ) The Hi-Farad Llectrolytic Condenser.

Masan chargze on ruegueslt, Sim-
RERA, A piy check and mail the NAME + oo , e
P accompanylng coupon.
Streeet ..o . ENE N8 E s e N e B S A E R .
GtV sy isss 55858 TFEY State. .., . .
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NEW SPEED TUBES

NEW!

247—PENTODE

233—PENTODE (2 Volt) D.C.

935 VARLMU SCREEN GRID
551—-VARL-MU SCREEN GRID
236—SCREEN GRID (6 Volt) for D.C.

or Auto sets

237—DET-AMP. (6 Volt) for D.C. or
Au;o sets

238—PENTODE (6 Volt) for D.C. or
Auto sets

SPEED TYPE 235

SPEED TYPE 551

NEW!!
’e
NEWwW!: Products
FOTO-LECTRIC Quotations
TUBES Sales Plans

Adjustment Poli
Caesium Gas Filled Type J € Ohcy

(Red Sensitive) Write for details or get them

Numerpisa typas, for : : 2 . at the Cable Booth at the
All Standard Equipment SPEED TYPE 247 " R.M.A. Trade Show.

CABLE RADIO TUBE CORP.
230-242 NORTH 9TH STREET
BROOKLYN, NEW YORK

R.M.A, Trade Show T » d ! | N Hotel Headquarters
Booths 72-73 _CABLE RADIO TUBE CORPORATION 21184, 21194, 21204
Ball Room — N Stevens Hotel,

Stevens Hotel, Chicago . Chicago
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)eJur- Amsco

Fine Products for Ten Years

MANUFACTURER

OF RELIABLE RADIO PARTS

DeJur-Amsco products range from the tuning essentials
to accessories, Qur tuning condensers are highly efficient
and are made in a varety of electrical and mechanical
designs. Our special oscillator tracking condenser sim-
plifies single control superheterodyne design and eliminates
the expensive and unsatisfactory padding arrangements.
Also for superbeterodynes, are our Transitors—high gain
intermediate frequency amplifying trans(formers, made in
four types, meeting every 1-F requirement. DeJur-Amsco
rheostats and potentiometers are noted for their sturdy
construction and longevity. They are manufactured in
a wide range of ohmages and power ratings and find a
universal application in electrical and radio fields. The
DeJur-Amsco Varitor is a small semi-fixed condenser, that
answers several requirements in the modern receiver. Qur
dials, friction drive, direct drive, full vision, sector vision,
and escutcheons, are accessories that contribute the final
touch of beauty comparable in their own way to the electri-
cal efficiency of our more fundamental parts. DeJur-Amsco
parts are engineered in our own research laboratories, and
ten years of successful experience in meeting the needs of
the manufacturer insure their adaptability to your own
requirements.

VARIABLE CONDENSERS ~ ESCUTCHEONS
TRANSITORS DIALS
(High Gain I-F Transformers) VARITORS
RHEOSTATS (Small Semi-Fixed Condensers)
POTENTIOMETERS PILOT LIGHTS

BINDING POSTS
CONNECTION STRIPS

POWER RHEOSTATS

(For Heavy Duty Work)

Wrlite for literature describing the complete
line of DeJur-Amscoe Radio Manaufacturers’
parts

[)eJur-AMsco (ORPORATION

95 Mortan Street, New York
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No Other Electrolytic Condenser
Gives You All These Features!

o 2B ', SPECIFY ACRACON
e AND GET THE BEST

NE glance at the illustration shows 19 reasons that

will convince any eungineer of Acracon’s superior

construction.

1. Metal cover for protection and 11. Anode nut.
appearance,
12, Anode soldering tab,

2. Live, rubber nipple,
13. Large slze Insulating wasaher,

3. Nipple spun into aluminum shell,

Absolutely leak-proof. 14. Tnp;red hole to take tapered
anode,
4. Anode #piral cold welded Into
anode, giving rigld construction, 15. Speclal live, rubber insulating
gnsket free from impurlties,
5. One plece extruded aluminum
contalner, 16, Heavy, rigld, anode stem of high
purity aluminum,
6. Retaining flange for rubber
gasket. 17. High purity anode, splral, so
wound as to eliminate the neces-
7. Tapered anode stem for snug fit. sity of Insulating liner between
anode and container,
8. Large cadmlium plated steel
mounting nut, concave to insure 18. Special, high, eritical voltage
tight connection. electrolyte, well over anode to

insure long life.
9. 354”-16 thread neck for mounting.
19, Leak-proof rolled seam as used
10. Motal washer, in canning Industry.

Exhaustive laboratory tests by many leading engineers have
proved Acracon’s electrical efficiency. Yet the Acracon elec-
trolytic costs no more than other makes.

The Acracon unit is now available in capacities up to 16 micro-

farads at either 440 or 475 volt peak in the single anode type.
If you are not already specifying Acracon, write today and learn first hend why Acracon is fast

becoming the choice of the industry.

* All Acracon Features Are Protected by Patents Pending.

ConpEnsEr ConrrPorAaTION OF AMERICA

259-271 CORNELISON AVE. JERSEY CITY, N. J.
Factory Representatives in:
Chicago St. Louis Los Angeles
Cincinnati San Francisco Toronto

and other Principal Cities
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THE IN VER TED rvrE (8 Mfd.)

ELKON

NoN-AQUEoOUS

Hi-VorLr CoONDENSER

The new Inverted Type 8 mfd. Elkon condenser meets
the standard requirements for a unit to be used on sub-
panel wiring jobs. It has the same outstanding character-
istics as the other Elkon Non-Aqucous Hi-Volt Con-
densers which have been adopted as standard equip-
mentbymanyleading setand instrument manufacturers.

1 Highest Filtering Capacity of
any electralytic condenser.

2 Working Valtages—up ta 450

v., d. ¢c., 1o meet the varied
requirements of present radio
sets.

3 Absolutely Dry: A condenser
from which all free water is
eliminated.

4 Low Leakage: Normal rated
leakage 0.1 mil per wmfd.,
after operating short period.

5 Impervious to Low Tempera-
tures: Operates efficiently
from minus 40° F 1o 125° F

6 Long Life: Toreduce replace-
mewds and interrupted serv-
ice periods to a minimum,

7 Self Healing: All surge voltage
conditions encountered in
properly designed sets have no
detrimental effect on the Elkon
candenser.

8 Compactness: Small cubical
volime per microfarad.

9 Stahility in Operatian: To

guard against mechanical
and electrical wvariation that
would affect action of the
circuit.

10 Low Cost Per Microfarad
Per Voltage Rating.

For Production Economy use the p
ErLkoN Condenser WITHOUT THE CAN,

Many manufacturers have substantially reduced their
condenser costs by using Elkon condensers without the
can. The illustration at the right shows how they can
be mounted in the set.

The metal can is not necessary with Elkon condensers
as each unit is enclosed in a sturdy, wax-dipped card-
board container providing ample protection for effi-
cient operation.

Samples of Elkon condensers without the can in any
capacity or combination of capacities will be sent to all
recognized manufacturers.

Send for booklet giving complete technical data und general description.

ELKON DIVISION
P. R. Mallory & Company, Incorporated

Indianapolis, Indiana

If your set is already designed for
condensers on top of the chassis,
the Elkon condensers may be placed
under an inexpensive drawn metal
cover.

otherwise—

© —the condensers may be mounted
i directly to the underside of the
chassls ellminating the entire cost
of metal can or cover,

Y

| e




JUNE, 1931

[
7|

othY

Does Your Speaker Diaphragm
Give Full Frequency Response?

Do you realize how much the weight,
texture, and contour of a speaker diaphragm
can change the performance of a radio
receiver ? :

The research engineers of the Hawley
acoustical laboratories have evolved a pat-
ented process of moulding one-piece dia-
phragms to meet the individual requirements
of any unit. The gain in purity of tone and
range of response is truly astonishing.

Hawley engineers are ready to demon-
strate what Hawley Moulded Diaphragms
can do for your speakers. Follow the example
of world-famous radio manufacturers and
adopt these remarkably efficient dinphragms
for your units. The Hawley laboratories are at
your service—and the Hawley plant can handle
any diaphragm output that your schedules
may demand. Let us quote you, today!

STEWART.WARNER

Coae
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MAGNAVOX R
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lll(’kﬂ ~DYNAMIC SPIAKIRS

The HAWLEY HALL OF FAME

MITH STAMPI
Lo BEST
NIAL CRosg,
@ Boudette

PETER S

RADIo

MOULDE D DIAPHRAGMS

HAWLEY PRODUCTS COMPANY, 201 N. FIRST AVENUE, ST. CHARLES, ILLINOIS
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R. M. A.

Booth No. 121

Radio Engineering congratulates the R.M.A. upon their
fifth annual Trade Show and seventh annual convention
and the L.R.E. upon the occasion of their sixth annual

convention.

Radio Engineering headquarters from June 4th to
June 13th will be at the Hotel Sherman.

Extra copies of the June issue will be available at the
Sherman and at the Radio Engineering booths. Drop in!

Radio Engineering
Paid A.B.C. Circulation
(latest andited state-

ment)

10,327

The closest competitor I ° R ° I l (o

(among electronic and
radio publications)

5,217

Booth No. 150

Nore. The A.B.C. paid clr-
culation of Radio Engiacer-
ing 1s approximately fwice

that of any other radio (or
electronic) publication —
among the executlves and
englncers of the radio and
nssoclated industrles.
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“Pm Smaller than other fellows----

But I do a MAN-SIZED JOB!”

“I’VE been through an awful lot in the past few

months. I’'ve been tested and rebuilt and tested
again until 'm tired of looking at Elkon engineers.
. ... Just as I began to think 1 was perfect, they
sent me out to a lot of other places where I was
put through my paces again and again ... Rather
rough going for a long while but I guess it was all
for the best because I know now that I'm ready
to start out on my own . . . Thank heavens that I
won’t have to go back to those Elkon engineers
again, —they’re the testingest bunch I've ever met.”

® ® ?

That’s his story—and he sticks to it! For our part

Slmall gize ;Td ef:‘l\:icm oPc.raﬂor(l n‘:c We’re rathel‘ pI'OUd Of the jOb. The Elkon A.lldio

the ourstanding chamctecisiicsa ol the .

Elkon Audio By-pass Condensers. They By-pass Condensers are small, compact, efficient

arc covered with the mmetypeofiturdy, o . . »

wax-lipped cardbourd carton which i and economical,—with a life-expectancy in excess
cing used xo succestlully an the étana- . »

ord Elcon Fler Condensers. of the usual set requirements. That’s just about

The following sizes can be supplicd. the full line-up for. an ideal audio by-pass con-

Cupucity Size Valtage denser! 3 ’

Vi rold KBxlyx2 45 . %

Wmld  Yax pras Samples will be sent upon’ réquest to all recog- -
1 mfd Yx Yx 2 450 .

2pid 1% 12 450 nized manufacturers.

Yo mld YxYyx 2 up to 150

1 mfd YexVYx2 up o 150

2 mid Yix¥Yx2 up to 150

4 mafd 1x 1x2 up o 150

B mfd Ix 1x2 up to 150

ELKON DIVISION

A special movuaring

bead faw Guicolon P. R. Mallory & Co., Incorporated
chagsis cun be sup- i &
plied I desired. Indtanapohs, Iﬂd.

ELKON BY=248S CONDENSERS
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Now ,
MODEL F

ROLA'S
NEWEST SPEAKER

. for
MIDGET SETS

HE compactness of this new Rola unit with its high

efficiency and sturdiness of design madkes it first
choice for the midget set. It gives ta the midget radio
a clearness and depth of tone rivaling the larger sets.
Its low cost and ease of installation allow you a wider
margin of profit — give you added reosans why you
should specify this newest Rola speaker far yaur midgets.

Visit tha Rolo exhibit at the R.M.A. Trade

Shew in Chicago, June 8—12. Boath Rola Speakers have continually demonstrated their unequaled abllity to

BI-A In the Hotel Stevens Baliroom perform well. A product of specialization, built in a plant devoted to loud
speakers exclusively, these speakers have won the confidence of outstand-
ing radio engineers and manufacturers. More than a million units now
in use testify to their dependability. Full particulars concerning the entire
Rola line is now at your disposal. Write todayl

ROLA

SPEAKERS

TREBLE

THE ROLA COMPANY

[ 2570 Superior Ave. Cleveland, Qkio
orbet[er BASS Manufactucers of Loud Specker Units for Midget . . . Automobile ond
Consale Sels . . . Also high power Loud Speckers for Public Address

Radio Reception

Systems and Talking Pictures.
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For Full Benefits of

Transformr Knowledge

Call on

JEFFERSON

INCE such a Jarge “slice” of

the satisfaction your radio
gives depends upon the traas-
former you use, make sure you
receive full value for every dollar
you pay out.

The small transformer has al-
ways been Jefferson’s particular
field . ..and in this freld it has ac-
quired 2 worthy and sound repu-
ration built on performance, and
by word of mouth wherever en-
gineers get together.

Tap a good job of transformer
design—and you usually find
Jefferson had a hand in it. Trace
a maoufacturing activity back to
its roots and you usually find
Jefferson pioneering a genunine
step forward when that advance
was needed.

Such is the story of Jefferson’s
activities in the radio-, the oil-
burner-, the Neon-sign-trans-
former fields. Development after
development can be pointed to—
as the achievement of Jefferson
engineers, and, first in the field
with' a practical radio trans-
formaer, Jefferson has also kepta
stepahead of currentengineering
thought in every transformer it
makes.

Because Jefferson operation is
standardized, the small manufac-
turer, as well as the large, reaps
every benefit of Jefferson’s ex-
perience and Jefferson’s wide
conract. Those benefits include
a surprisingly satisfactory price.
Let us know what your specifi-
cations and requirements are.
There is no obligation.

You Receive From

JEFFERSON

Ao experience which includes
every small-transformer problem
and developmeant of radio.

Engineering ability which bas
pioneered many of today's taken-
for-granted improvements,

A wide and chorough grasp of
the field incfuding not only today’s
problems but those of tomorrow.

Adequate manufacturiag facili-
ties—a variety of standard Jefferson
transformers to choose from to
meet your exact requirements.

JEFFERSON ELECTRIC COMPANY

1599 South Laflin Street, Chicago, lllinois

(A-4987
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A permanent magnet
dynamie

Jensen research scores again! The new Jensen
PM-1 marks the most important advance in
the radio industry since the introduction of
the Jensen Electro-Dynamic. Its tone quality
is electro-dynamic, yet it requires no field coil
or separate power supply. It is particularly
designed for use with battery operated sets
and for hotel room and apartment installations.

It is unusually compact and light in weight.

BIG in performance-—compact in size. The new
Jensen Model J-1, Concert Jr. Electro Dynamic
Speaker, with 6-inch diameter (overall) cone, is
designed to meet the latest requirements in set
design. Its appearance is an absolute innovation in
Electro-Dynamic Speaker Design. All connections
completely enclosed. Actually hear this new
speaker to convince yourself of its superiority over
any other unit of comparable size. All of the
new Jensen Speakers will be on display and
demonstrated at the R. M. A. Trade Show, Stevens
Hotel, Chicago. Literature mailed on request.

JENSEN RADIO MANUFACTURING COMPANY

6601 S. Laramie Ave., Chicago, Illinois

ensen

NEW MODEL SPEAKERS

A new electro=-dynamie
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From copper bar to finished
product, every operation in the
manufacture of coils is performed
in General Cable plants. Com-
plete responsibility for fabrica-
tion of coils rests upon General
Cable.

Interpret that responsibility as
broadly as you will. It embraces
the maintenance of quality
manufacture and the capacity to
supply your needs for coils of any
kind, in any quantity—quickly
and dependably. It includes the
tireless search for better coils—
better magnet wire, better

methods of application—greater
economy in production.

To effect such results General
Cable marshals coil experience,
manufacturing facilities, research
laboratories, and personnel of an
unusual character. Dudlo, Rome
and the other organizations now
part of General Cable supple-
ment and strengthen each other.

One responsibility covering all
factors, converges upon a single
purpose—the assurance of un-
equalled satisfaction in the pur-
chase and use of General Cable
Coils for your products.

GENERAL CABLE CORPORATION

EXECUTIVE OFFICES: 420 LEXINGTON AVENUE, NEW YORK o«

OFFICES IN PRINCIPAL CITIES
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By AUSTIN C. LESCARBOURA

ON TO
CHICAGO S these lines 'are being

written, the thoughts of the entire industry are centered on
the forthcoming RMA Trade Show at Chicago. |t secems
good to have the big gathering once more in the Windy City,
which is more conducive to good sound business than the
balmy atmosphere of Atlantic City.

There will be less whoopee and more hard wark at this
show than the radio industry has yel witnessed. Qf course
there will be more of the “follow the leader” complex than
ever before, for any student of the general radio situation
knows that most manufacturers have been waiting for the
show in order to formulate definite plans. While the origi-
nal intention of the RMA Trade Show was to present the
forthcoming season’s offerings to the jobbing and retail
trade, it has become increasingly apparent in late years that
its main purpose today is to try and find out what competi-
tors have up their sleeve, so as to formulate one's own plans.

We sometimes wonder whether or not the RMA Trade
Show should be held in June. To our way of thinking, it
might be better to hold the event in the spring, so as to
get the scason under way that much sooner. Or perhaps
it might be better not to hold a show that tends to hold up
definite plans until the last minute. Perhaps the industry
would benefit from a policy of “no yearly models, but steady
improvements and refinements,’” after the fashion of sound
automobile merchandising principles.

r'y

KILLING

THE GOOSE T is rumorcel and quite persistently
that the greatest dumping partly yet witnessed by an indus-
try grown almost callous to dumping, is about to be held.
The details are rather vague, but in a general way it seens
that one arganizalion with an inventory of 30,000,000
tubes or better is about ta dispose of the entire stock at a
ghastly low price, (o a well-known dealer in distress
merchandise.

We do not know whether the facts are as rummored. We
do not even know whether this greatest of dwmping parties
will take place. But we do know that if such a dunp-
ing party does take place, it is going to have a disastrous
and lasting effect on the welfare of the radio tube indus-
try, so far as most tube manufacturers, limited to the
production of receiving tubes only, are concerned.

Already certain department stores arc selling radio
tubes of reputable make at prices heretofore assaciated only
with nondescript tubes and obvious rejects If the dump-
ing party above mentioned takes place, still lowur prices for
reputable tubes will become commonplace. If there are
30,000,000 lubes involved in the deal, at least half the year’s
market will probably be filled, leaving the balance ta be
served by a superabundance of tubes, resulting in violent
price cuts. One thing is certain: the old goose will be deh-
nitely killed. There will be no golden eggs in this radio
tube business for years to come. Many will pass out of
the picture.

A big inventory is certainly bothersome, we must admit.
But to dispase of the inventory at one fell swoop by un-
loading thu tubes at a ridiculously low price is certainly
no brilliant business move,

THE BIG
KILLING HOSE who would have us

believe there is no money in the radio industry, have
failed to give due thought to the legal gentlemen engaged
in settling the disputes of our worthy brethren. The
legal battles of the past have bceen as so much chicken
feed compared with the millions and millions invelved in
present legal actions. Which makes one wonder what it
is all about, and who is going to benefit out of this see-
saw game of heads-you-win, tails-you-lose decisions as
a given case progresses from one Court to the next,

We wonder just where the automobile industry would
be if it followed the same practice as the radio industry.
11 appears that the automobile industry long ago decided
upon sensible patent pooling, and that today the individual
automobile manufacturer pays only a few dollars on each
car for the patent rights required. If the individual
automobile manufacturer had to pay 734 per cent or be
constantly in cour(, he would be quite unable to give the
value and ta make the profit now prevalent.

Sooner or later this industry of ours has got lo get
the patent situation scitled. The settlement will call for a
degree of sincerity that does not as yet exist among radio
manufacturers. There will have (o be genuine patents placed
in the pool, rather than meve threats. There will have to be
a fair royalty rate, ‘T'here will have to be proper respect
for all worthy patcuts, by the largest companies quite as
well as the smallest. There will have to be less pussy-footing,
sa that patents of douhtful validity can be given the acid test
in determining their genuwine worth, We must come to
sowe such pass befor¢ ridlio definitely emerges from the
racket stage,

A

DIVERSIFY

OMEQONL has said that the
radio industry is geared ta produce 23,000,000 radio sets per
year and probably 250,000,000 radio tubes. Since those fig-
ures are just aboul five to ten times the capacity of the
market even in its bahmiest days, it becomes evident that we
have too much plant and not enough salable product. We
must diversify.

Your writer has the preatest respect for the opinions of
Floyd Parsons, well-kuown industrial writer. Mr. Parsons
has stated recently that oue reason for the grand crash in
bursiness as a whole wus the lack of initiative and diversity
of products on Lhe part of industrialists. Too many indus-
trialists insisted on making the same thing, resulling in
overloading the markct which sagged and then broke.

You might as well learn that lesson now as any other
time. If you have a big plant on your hands, which is
ostensibly out of keeping with any demand you can expect
for the next few years, there are just two courses of action:
first, you can reduce the size of the plant hy desperate
measures, and they will be desperate, for it is almost impos-
sible to dispose of plant space these days; sevondly, and
more logically, you can develop some new products through
good engineering and research. Of course there are many
new things vet tn de introduced ta a public that has never
failed! to vespond to a {resh appeal.

I
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No other single organization offers as complete
and diversified line of radio products as the
DeForest Radio Company.

Today the DeForest name is to be found on—

[ | Receiving Tubes
Transmitting Tubes
Special Purpose Tubes
Transmitters
Carrier-Current Equipment
Speech Amplifiers
Centralized Receiving Systems
Short-Wave Receivers
Facsimile Apparatus
Television Equipment from Home to Studio

DeForest does not rest on its laurels. Having
contributed the

[ Audion or practical radio tube
Regenerative principle
O:scillating tube circuit
Audio amplifier
Practical radio tclephone
Practical radio tclegraph
Broadcasting of entertainment
Outstanding features of 1931 tubes

—the very foundations of our present radio in-
dustry, the DeForest organization looks ahead
rather than behind in serving you.

Seo our unique DeForest exhibit, during R.M.A. Trade Show, by visiting

Booths 92, 93, 96 and 97, facing main entrance, Hotel Stevens, Or if
you prefer, write for our Silver Aanivorsary Scuvenir.

EW JERSEY
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MEET — the

Radio-frequency

Family of

"A few representative pieces
of Textolite laminated pre-
pared jor application to
radio recesvers

General Fabricating Co.
37 East 18th Street
New York City

Electrical Insulation Corp.
308 W. Washington St.
Chicago, Il

JOIN US IN THE CENERAL
ELECTRIC PROGRAM, BROAD-
CAST EYERY SATURDAY EVE-
NING ON A NATION -WIDE
N.B.C. NETWORK

GENERAL

ENGINEETR RING

$ AL ES

XHAUSTIVE tests show that in the radio-fre-
E quency grade of Textolite laminated the power-
factor is so slightly changed by wer or dry condi-
tions that humidity ceases to be a problem. This
distinguishing quality, combined with charactetistics
of easy machinability and mechanical strength, accounts

for the use of Textolite in leading radio receivers.

Ask the Textolite specialist at the G-E office in your
vicinity, or representatives of the eastern or western
fabricators, to outline the properties of this insulating
material which make it desirable for application to

the set you manufacrure.

SHEETS RODS TUBES

S ERYVICE P RINCIPATL

TEXTOLITE LAMINATED

8314

3 ELECTRIC

CITIE§
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R M A Convention
at Chicago

Leaders of radio industry lsunch
new start

ufacturers Association, Ine., in

session in Chicago, June 8-12,

1931, offers opportunity for every
rudio set and parts manufacturer to get
n new start toward prosperity.

There are signs on all sides that the
lenders of other industries have gained
oil there is to be gotten out of a period
of business depression, in the way of
rcadjustment, and are now in position
to plan manufacturing and sales cam-
paigns which should lead to a restored,
but sound, prosperity.

As the tide turns radio manufacturcrs
will be found ready to go forward in
the procession.

The Chicago show will demonstrate
this readiness, and will record the desire
of every member of the Association to
do his part.

The officers for 1931 are: Morris
Metealf, president; B. G. Erskine, vice-
president; A. L. Walsh, vice-president;
Bond Geddes, executive vice-president;
M. F. Tlanagan, executive secretary;
I, N. Rauland, treasurer.

The directors, including the president
and vice-presidents, are:  William
Sparks, L. E. Noble, L. A. Hammar-
lund, J. C. Tully, N. P. Bloom, Leslie
F. Muter, R. J. Emmert, H. C. Forster,
Fred D. Williams, J. Clarke Coit, R. T.
Pierson, II. B. Richmond, G. K.
Throclanorton, H. S. Hyde, R. W. Jack-
son, A. C. Kleckner, E. E. Kauer, J. M.
Skinner,

Committee chairmen are: Convention
arrangements, Leslie F, Muter; Engi-
neering, H. B. Richmond; Advertising,
Paul Ellison; Fair Trade Practice, I..
L. Noble; Foreign Trade, Arthur
Moss; Legislation, C. C. Colby; Show
Committee, H. H. Frost; Statistics,
(v. C. Furness.

Big Radic Show and Crowd Assured

In attendance and exhibits, another
successful RMA convention is assured,
nccording to final reports on plans for
the annual radio industry gathering
which were received by the Board of
Directors of the Radio Manufacturers
Association at their meeting May 14 at
Briarcliff Lodge, New York. More

THE convention of the Radio Man-
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Bottom, center,

Geddes, Executlve Vice-Presgident.
Richmaond,
Erskine, Vice-Pregident,

Secretary. left, H. B.

Upper,
right, B, G.

new radio products, including television,
will be exhibited in the trade show at
the Stevens Hotel in Chicago than ever
before in one year, according to reports
to the RMA Board. President Morris
Metcalf of Springfield, Mass., presided
and received reports from Major H. H.
Frost of New York, chairman of the
Association’s show committee, and
Leslie F. Muter of Chicago, chairman
of the convention committee,

Of the leading radic manufacturers,
130 will have exhibits in the trade show
for which nearly 24,000 square feet of
exhibit space already has been assigned,
with more applications being received.
The large Exhibition Hall and Grand
Ball Room of the Stevens Hotel will be
required to take care of the many ex-
hibits. A larger proportion of manu-
facturers of the RMA will have exhibit
space than ever before at any RMA
trade show for the last three years.

Several thousand reservations of
radio jobbers, dealers and others in the
industry already have been made at the
four official hotels in Chicago, the
Stevens, Blackstone, Congress and
Auditorium, Four special trains from
the East, threc from the New Yorlk
metropolitan territory and one from

Morris Metoalf, Presldent,

R.M.A. Bottom, right, Bend
Bottom, left, M. F. Flanagan, Executive
Engineering DIlvision. Upper,

New England, alrcady have been sold
out. Other special trains are being ar-
ranged from the Pacific Coast, South-
west and other points. The trade show
attendance will be stimulated by the
concurrent convention during the week
of June 8 in Chicago of the music in-
dustries and the annual “Furniture
Mart” of the furniture industries.

Many interesting speakers and enter-
tainment events have been arranged on
the convention program. In entertain~
ment the highlight will be the RMA
“Stag Party” on Wednesday evening,
June 10, and preceding this, on Tues-
day evening, there will be the annual
banquet.

Many Problems

At this convention the manufacturing
and sales executives will have up for
consideration many pressing problems
which confront the radio industry.

Most of these problems concern
merchandising of radio receivers,
frozen stocks, credits, servicing, re-
placements, and volume of production.

The opportunity should be availed of
by all interests to plan as cooperatively
as is possible in a competitive industry.
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In the Brodleyometar
approximately 50 solid
resistance disks are
interlsoved belween
metal disks farming
a reslstance column of
any desited value. No
other resistor offers such
fiexibility or accuracy.

wiw Radio Resistors

Fixed or Variable
for any Electronic Circuit

RADLEYUNIT RESISTORS are made in flve sizes,

with or without leads. All Bradleyunits are color-
coded ta meet set manufacturers’ specifications.
These solid molded resistors are accurately colibrat-
ed and have great mechanical strength. They are
used by the world's largest radio manufacturers for
providing correct C-bias, plate voltage, screen grid
voltage and for use as grid leaks.

The Bradleyometer is a stepped potentiometer of
most amazing performance. It has astounded radio
engineers who were skeptical of its advertised per-
formance. Any type of resistonce-rotation curve can
be arranged to meet your requirements. Samples
will be sent to established manufacturers of elec-
tronic apparatus, for test and ftrial.

Get an Allen-Bradley quotation on your next
resistor order.

Allen-Bradley Co.

12 W. Greenfleid Ave.
AD

\o—>>/

Milwoukee, Wisconsin

RADIO ENGINEERING

Type A, Single
Bﬁzmng

Typs AA, Double
Bradleyomeier

Type AAA. Triple

radlcyometer

Without
Leads

ALLEN-BRADLEY RESISTORS

Produced by the makers of Allen-Bradiey Control Apparatus
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The variable-mu tube
and distortion in
radio receivers

By A. G. CAMPBELL*

O O

Here is an authoritative account of the principles upon
which the new variable-mu, or super-control radio tubes
operate.

HE recent announcement by sev-
eral prominent vacuum tube
manu(acturers of another special
purpose amplifier tube calls for a
detailed explanation of the characteris-
lics and the uses of this new tube. The
fundamental principle of the new tube
has been clearly set forth by Ballantine
.nd Snow® of Boonton Research Cor-
poration, to whom its development is
due.  Briefly, the tube is so designed
as to have a variable-inu factor instead
nf the fixed mu factor of the structures
nsed heretofore. By this means the
plate-current grid-voltage characteris-
tic is specially shaped so as to reduce
the higher-order curvature which is
responsible for distortion and cross- tall\
production. The term “variable-mu” is
thus aptly applied to designate the new
tube. The variable-mu tubes designed
1s  radio-frequency  amplifiers  for
roadeast receivers have been assigned
ihe iype number §31. The type §5I
tube has the same characteristics at
normal opera:ing voltages (Ege= -3,
Irgs=90, Ep — 250) as the widely used
lype '24. lts construction is somewhat
sinilar to the type '24.
In designing a radio receiver, it is
necessary to decide upon a method of

7"\1.1607(,1 Enguncer, Arcturus Raodio Tube

vy
'\Pu,url Ballgntie and H. A. Swow. Pro-
sedings Twst. Reodio Engincers, December, 1930.
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controlling the overall sensitivity, to
satisfactonly allow the reception of
signals of wide difference in amplitude,
A method which 1s often used consists
in changing the individvual radio-fre-
quency amplifier stage gain by variation
of control-grid or screen-grid voltage.
At first glance, this appears to be an
excellent method, but experience reveals
several serious defects, among which
15 the introduction of objectionable dis-
tortion of the received signal modula-
tion. This distortion effect may vary
greatly, from a value so small as to be
unnoticeable to a value so great as to
render received signals unintelligible,

An ideal amplifier tube would be 2
one way repeater in which the output
voltage would be a linear function of
the wnput voltage., Use of a tube of
this type would introduce zero distor-
tion, as the output voltage waveform
would be an exact replica of the input
voltage waveform.

Amplifier tubes used heretofore have
fulfilled the above condition over lim-
ited ranges only. However, modern
receivers may be called upon to operate
with the introduction of a negligible
amount of distortion with a variation of
input voltage of the order of one mil-
lion to one. This requirement has been
responsible for the design of the vari-
able-mu tube. Reference to Fig. I

29

points out the manner in which the type
551 allows the use of input voltages 25
times greater than may be possibly used
with the type '24. It will be observed
that the static Ip-Egc characteristic
for type ’24 is reasonably linear from
Egc=o0 to Egc=a. From ligc=a to
Ege=b, the departure from lincarity be-
comes serious and limits the use of the
tube to extremely small input signal
voltages. Due to the fact that modern
receivers must necessarily be made very
sensitive, operation with large input sig-
nals requires operation in the region
Egc=a to Ege=b. Examination of the
type 3§51 characteristic shows that
departure from linearity is of account
only in the region Egc=c to Ege=d.
Between Jige=d and the point of cut-
off, the relation between [p and Egc
remains nearly linear.

A wmathematical analysis of the
action of a radio-frequency amplifier
mves the best understanding of the
problem. The plate impedance of the
lype 331 tube averages about 0.3
megohin so tliat we may assume a con-
ventional  interstage radio-frequency
hlter to act as nearly a short circuit.
Therefore, mathematical relations de-
mved from the static curves in Fig. t
may be used dircelly to cileulate vol-
tage gain and distortion of an ampli-
fier stage. If the static contvol grid
bias be the value d, and there Dbe
applied a change of bias, e; then
there will be an excursion of plate

o Y ) M O 5
. _ ~——
ARCTURLS
Tvree S51 Ane'24 TETROOES
Purate CURRENT Vs, o
CoNTROL GRIO BIas
T
&
I 11°%
| | x
78
| :
| <
1 l L]
| | '
T i, ;
| > 1" =
>
PRV
== 4 il w
831 = 1
]
e
Arz) If1 €
]
‘/ li + |
/1',--40 /I
)
1| d| Lvﬂ :
-4Z -36 -30 -2 18 -z -8 o

Convrou GRID Bias --Vours

Fig. 1.




S R SRS,

Page 30

1 [ LI T 1

Swowing Moovwavion
DrsvorTion INA RADIO
FacaueNcy AMPLIZIEA STAGE

f
/

\,
<
A
E ENSTAN W‘WS{FLAI'I. CURRENT

TaRTANIOVS OR1D n

Fig. 2.

current, ip—in. J.el the quantity
i,s—1i,, be known as i,; and ¢ will
represent the variation in grid bias
while i, is the corresponding variation
in plate current. It is a fact that for
limited values of ¢, i, will be repre-
sented by a canvergent Maclaurin’s
series:

LB, LRy, 1P,
lp*ae g+|2 aeﬂ + l;}_ ac»“‘bx'l'
1 ('}‘1D 1 a"xp o + (1)

Mawtetmam et o

The reason for the absence of the
first constant term will be apparent if
we think of an auxiliary pair of axes
originating at the point d, ip,, That is,
the constant term is then zero. The
values of the successive differential
coefficients are those obtained at
e,=0.

Now, if e; is an oscillation of high
frequency of the form Eg sin wt, substi-
tution in (1) yields

IG’ID Bt

ip—a—PE‘su:Lwt-l- g sinf wt -

131p ny 1 al,, ’ "
-6-8—93 E3, wt+24 ae| Y, sin' wt +
1 651‘,

7095, Eé sint et + ...... (2)

An ‘harmonic analysis of the indi-
vidual terms of (2) by a Fourier’s
cosine and sine series development will
show that the terms containing the
even order derivatives have only direct
current and even harmonics of the
input frequency; while the terms con-
taining the odd order derivatives have
the fundamental and odd harmonics of
the input frequency. The interstage
filter of the radio-frequency amplifier
is responsive to only the terms of
furndamental frequency, and collecting
these, we have

. 8i 1§, 1 @i,

== [Be: B+ 330, vt Waye

ES + ... ] sin wt )

Ilence, when the magnitudes of

631, *i, .
FEA T and other odd order deriva-
di,

deg
output current will no longer be pro-
portional to the input voltage. This is
shown graphically by Fig. 2, from
which it is seen that the envelope of
the modulated output is not symmetri-
cal with respect to the line of static
plate current. The physical meaning
of this is that the degree of modula-
tion has been changed, and further-
more that some extraneous modulation
frequencies have been intraduced.

The following analysis will enable
us to find the amount of modulation
increase. Assume for simplicity that
the fifth and higher order derivatives
arc negligible. Let the input voltage
be given by Eg (1 + m sin pt) sin «t.
From equation (3)

tives become comparable to the

3
ip= [g"’ E. (1 -+ msinpt) + 3 i "’ Eg!
(1 + m sin pt)“] sin wt
Expanding this
G e s S
ARCTURUS i
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Flg. 3.
; dip 61;, i, E2
= mE, t y—=&
= [ E+ smp-{-ae,is
(1 4+ 3 masinpt 3m’sm’pt + m’sm’pt)j
sin wt (4)

If m is small the terms coataining
m? and m® may be neglected. The new
percentage of modulation is then the
ratio of the peak value of the audio-
frequency variation ta the peak value of
the unmodulated wave. This will be

i, 36 1,.
o O 3

mEs m]‘a

The ratlo of the new modulation
m’ to the original modulation m, is
iy , 3y
q ae;,E“" 83del, E,
184, 1y
8de’ Bl

3|3

Jip
5 Be 5
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The quantity % is the trans-
B

conductance of the tube, usually called

14
Sm. The ratio an is then nearly equal

to
£ 9°Sm
1+ 5m 9z, ©)
In order to find the distortion of
modulation, rewrite equation (4) as
follows:

[al"E + mEgsmpt-l-a l"Eg
, 1
(I + Imsinpt -{-é————m 3“; cosZpt)] sinawt

This assumes m small enough so that
the term containing m® may be neg-
lected. The ratio of the double fre-
quency modulation to the fundamental
modulation is

3 i, .
68, S
diy 3&ip o
6 m E, + 8deiy m B

This is the effective distorlion intro-
duced by the amplificr tube under con-
sideration and may be re-written as
follows:

D_1_m
002 85. ©
1+ —
3p & &* Sm
& 3es,
where D is the percentage distor-
tion and S ——"%’- Fig. 3 shows

B

the transconductance-grid bias charac-
teristic for the type ss51 and type ‘24
tubes. The use of these tubes to control
sensitivity of a radio receiver depends
upon the variation of Sm with change of
control grid voltage. If the antenna
voltage is impressed directly upon the
input of the first tube, it is evident that
the reception of strong signals will
necessitate the use of the tube at small

values of Sm,
Correlating equation (6) and Figure
§15m
3 ae,
slope of the Sm—e; curve. Large

is the rate of change of

values of correspond ta small

8c?,

values of radius of curvature, R. Note

that for the type ’'24 tube the radius
(Concluded on page 44)
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A radio receiver
for police service

By VIRGIL M. GRAHAM™

s

This Description of a Police Radic Receiver for. Auto-
mobile Use Is Interesting in View of the Rapidly
Increasing Number of These Installations

HE uvse of radio by city, county,
and state police is increasing very
rapidly, and now has ceased to be
a curiosity, becoming a necessity

in up-to-date police work. Police radio
had its beginning in a small way, the
receivers heing adapted broadcast re-
ceivers in some cases. Then came air-
craft equipment converted for the pur-
pose and other arrangements. The lat-
est step in advance is the developrment
of receivers designed especially for
police service.

The f{following paragraphs describe
such a receiver built with the idea of
making a receiving system for police
work, which would incorporate a num-
ber of years’ experience in building
broadcast and aircraft receivers with
the special electrical and mechanical
necds of this particular service,

With this idea in mind, the general
specifications were laid out as follows:

A. Electrical Characteristics: (1)
Extreme sensitivity; (2) automatic
gain control; (3) ample power out-
put; (4) proper reproduction of voice
frequencies; (5) low drain on A and B
batteries; (6) good selectivity; (7)
fived tuning.

B. Mechanical characteristics: (1)
Rugged construction; (2) shock-proof
mounting; (3) receiver unit easily
vemovable.

The superheterodyne type of circuit
was chosen because of the greater ease
in obtaining high sensitivity, and good
selectivity at the high frequencies as-
signed to police service. The signal
picked vp on the antenna system was
taken through two tuning systems to
the control grid of the mixer or frst
detector tube. The output of the oscil-
lator is likewise coupled into this circuit.
The signal in the output of this tube,
being the intermediate frequency of 175
kilocycles is fed through two stages of
i-{. amplification to the demodulator or

* Radio Engineer, Stromberg-Carlson Telephone
Mfg. Company.
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second detector, The tube giving the
automatic gain control is coupled to the
output of the second i-f. amplifier tube.
The audio output of the demodulator is
fed into the audio tube, and thence to
the loudspeaker, Thus, there is a total
of seven tubes, five of which are
screen-grid tubes, one (the oscillator)
a general purpose tube, and one (the
output tube) a pentode. All these tubes
are of the heater type, and are discussed
further in the following paragraphs.
The automatic gain control system
(known in broadcast receivers as auto-
matic volume control) regulates the sen-
sitivity of the receiver for the strength
of the received signal, thus holding the
sound output of the loudspeaker sub-
stantially constant over an extremely
wide range of input signal. This fea-
ture is important as the field strength
pattern encountered driving around city
streets, and even country roads, varies
abruptly and greatly. This control is
accomplished by the use of a screen-grid
tube whose control grid is coupled to
the output of the second i-f. amplifier.
This tube acts as a peak voitmeter, and
as the signal on the control grid is
increascd, the plate current increasing
builds wp an increasing voltage in the
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plate circoit resistor. This voltage
(negative to ground) is fed back to the
control grids of the mixer and two i-f.
amplifier tubes. The gain is thereby
regulated as stated above, so that the
sound output does not vary appreciably
from 10 to 100,000 microvolts input.
The good selectivity required is ob-
tained as therc 15 a total of five tuning
systems in the signal path, The tun-
ing is fixed for the frequency assigned
to the particular system, and is adjusted
by means of aligning capacitors which
are inaccessible when the chassis is in
the enclosing case.

Special Tubes
The heatar type tubes roentioned have
been specially designed for automobile
service. The heaters opcrate directly
from the car battery, and theiv charac-
teristics are such that the “A” current
consumption of the receiver is only

Fig, 2. Control box for mounting on
stesring column, containing volume
control and Jock switch.

slightly over two amperes. Lhree iypes
of these tubes are used, namely, screen-
grid, with characteristics similar to the
224; general purpose, with characteris-
tics similar to the 227; and a pentode
output tube with a power output some-
what greater than the 171-A.

The car battery is used as the “A”
battery and three heavy-duty ‘“‘automo-
bile’ “B” battcries are employed. The
“C" battery is specially built for the
purpose, and supplies the voltage for
the automatic gain control tube as well
as regular bias voltages for the mixer
tube and output tube.

The proper reproduction of voice {re-

AR TG T

Fig. 1. Bottom
view of police re-
celver chassis,
showlng wirlng.
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Fig. 3. Antennz plate mounted on
running board. Note method of In-

stallation. One of these plates Is used
on each side of the car.

quencies is obtained by careful design
of the audio system in conjunction with
a Joudspeaker built for this service. The
volume control varying the sound out-
put from the speaker is comnected in
the circunit between the output tube and
the speaker. This necessitates that the
audio system be designed so that the
output tube is not overloaded at the
detector output level determined by the
automatic gain control. This volume
control is mounted in a small box with
the on-off lock switch. This control
box is fastened to the steering column.

Magnetic Speaker

The loudspeaker is of the magnetic
cone type, and is housed in a sub-

stantial frame casting. It is mounted
in the top of the car just back of the
front seat where it is out af the way
and gives good sound distribution every-
where in the car.

The rugged mechanical comstruction
was secured by mounting the receiver
apparatus on a substantial steel basc ta
which is also fastened a heavy end
cover. This chassis assembly then fits
into a strong stee) box. Shock-proof
mounting is obtained by mounting this
receiver unit on four “pistons each
completely suspended in sponge rubber.
The receiver unit is fastened to thesc
four pistons by suitable clamps,

The receiver unit is made easily re-
movable by arranging zll electrical con-
nections to it with the exception of the
antenna to be made by means af two
plug type connectors. Thus, to remove
a receiver unit it is only necessary to
disconnect the antenna, remove the two
connection plugs, and unclip the unit
from the shock-proof mounting. This
feature was specified so that in case of
tube failure when the receiver is in
service another unit can quickly be sub-
stituted and the patrol car not detained.

A A A
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The Antenna

The antenna system consists of two
plates which are mounted on insulators
beneath the rumning boards. These
two plates are connected tagether to the
antenna post of the receiver unit. The
“ground” is made to the frame of the
car through the connection of the “A”
battery to the frame. Experiments
showed that this type of antenna system
gave a much more satisfactory signal
pickup than the type using screen or
wires in the roof of the car, and had
the very considerable advantage of re-
ducing ignition noise,

The usual precautions for elimination
of ignition interference in automobile
radio installations are taken,

"The recommended method of mount-
ing the receiver unit, and “B” and “C”
batteries is ta locate them in a trunk in
the rear of the car. This method pro-
vides accessibility for servicing as well
as protection from damage and unau-
thorized \ampering, and leaves the ton-
neau of the car free for passenger use.

A Capacity, Inductance and Impedance Conversion Chart

By H. W. ANDERSON

ADIO and communicanion en-

gineers will find the accompany-

ing chart an aid in computing

the reactance of condensers and
inductances at various frequencies. It
will alsa show the inductance and
capacity required to resonate at various
frequencies, Thus it will eliminate a
good deal of routine calculation.

Jf frequency and impedance are
plotted as the coordinates on log graph
paper constant capacity lines will be
al 45 degrees to the coordimates. Con-
stant inductance lines will also be at
45 degrees to the coordinates but go
degrees to the capacity lines. The fre-
quency range is from 10 ta 10,000
¢.p.s. and the impedance from 100 to
100,000 chms.

An inductance and a capacity are
said to be in resonance when their
impedances are equal, Therefore the
intersection of a capacity and an in-
ductance line is the resenant f{requency
of that combination. For example, to
find the capacily necessary to resonate
at 4,000 c.p.s. with 85 millihenrys in-
ductance, follow the 4,000 cycle line
ta where il intersects with the 8g
millihenry line. At this point estimate
the capacity that would intersect the
85 millihenry line. This would be about
.02 microiarad,

The inductance scale runs from g

millihenrys to 200 henrys and covers
practically all the inductances ordinarily
uvsed. The capacity scale runs from
.005 to 10 microfarads and embraces
the sizes commonly available. How-
¢ver it is very simple to add more lines.
If the formula {or capacitive reactance

balance of the points necessary to draw
the line may be had at 1,000 and 10,000
c.p.s. by merely dividing the answer by
10 for the former and 0o for the
latter. More inductive lines may be
added in a similar method except that
the answer is multiplicd by 10 and 100

R wcigls 2000000 o ol wp g for 1,000 and 10,000 cycles respectively.
WS e T E 9% The formula for inductive reactance is
c.p.s. for the capacity required, the XL equals 2s FL.
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Amplitude modulation

versus

requency modulation

By VERNE V. GUNSOLLEY*

R

In which we are reminded that a component is a com-
ponent no matter how complex sometimes it may
appear.

11EN is a component not a

comoonent? When it is a

sideband ! That is, if we

are to believe all we hear
and read regarding thz sideband theory
and a recenl radio receiver develop-
ment,

One of the simplest conceptions in
viadio engineermg is an alternating cur-
rent at resonance, modulated in volume.
'he function of the latest 400 kw.
(ransmitter is to radiate with 400 kw.
of radio frequency energy, or, simple
alternating current at resonance,  At-
(ached to this buge radio-frequency, or
allermating-current generator is a huge
volume control which varies the output
of the generator from zero to 1600 kw
m the case of 100 per cent modulation,
and so rapidly that the frequency of
variation becomes audible when switably
detected. “This immense volume control
is otherwise known as a modulator
siage. It is controlled in turn through
intermediate stages of amplification by
¢ simple microphone on which audible
frequencies have been impressed either
sy the voice or musical, or non-musical
instruments. Now, all the while this
hits been going on a quartz slab about
the size of a quarter has been holding
ihe radio-frequency rigorously constant,
o that we may safely conclude that the
vitput on the antenna is a single radio-
Irequency that is varied in volume be-
tween the limits of zero and 1600 kw.

‘This principle constitutes the first
commercially practicable principle of
transmission of audio modulation over
4 radio wave, Due to recent develop-
ments of an equally old principle we are
now confronted with the study of an-
other means of modulation.

Suppose we hold the output of the

* Rescarch engineer, Naliosuo! Batierv Broad-
cudting Co., Statiown KSTP,
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transmitter at constant aniplitude, and
instead of varying the volume control
by means of the microphone, place the
microphone in the crystal circuit instead
in such manner as to vary the radio-
frequency a few cycles either way from
the assigned frequency. We will then
have constant current modulated in fre-
quency.

In this kind of modulation as in the
case of amplitude modulation there js
no definite law of variation of the
modulation, but for purposes of analysis
we may conveniently assume that the
modulation is sinusoidal; that is, that
the frequency varies with time at a
sinusoidal rate.

Tn the case of amplitude modulation,
the mathiematical expression for the
carrier wave is
e=Esmot.,............. 5 5 s (1)
where E is the amplitude or voltmeter
reading; o is 2z=nf, wherc { is (he
carrier frequency, and t is the time in
seconds. I'rom this it is plain that e
is the instantaneous value of the carcier
wave, while E is the amplitude of the
carrier wave,

Under modulation we vary the ampli-
tude E at such a rate that the voltmeter,
being a praciical instrument, cannot
longer keep up with it, but at very slow
rates of modulation we see that the volt-
meter reading puolsates to iollow the
amplitude variations; from which we
conclude that a modulated alternating
em.f, is a pulsating alternating e.m.f.
One conception that must be understood
here is that while the instantaneous
value of e may be any value, even zero,
and in fact does change through sl
values between plus and minus and the
himits of the peak of the wave every
cycle, yet, the amplitude E remains
constant and invariable all the time as
proven by the fact that the voltmeter
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maintains a steady indication all the
while the instantaneous value of the
can.f. is rapidly varying. 1f we lower
E, the voltmeter indication will likewise
{all.

We can vary E by means of an
smplitude control, which is a volume
control, or, as more commonly knowi,
a modulator, Let us vary E sinusoid-
ally at an audio frequency €. This is
the modulation fresuency. Suppose we
vary it up and down by a fraction of
itself equal to k called the modulation
factor, then the ampiitude of the
modulation, that is, the amplitude of the
pulsations in the carrier is kE, and, the
amplitude of the carrier (not its in-
stantaneous value) is at any instant
given by the expression
(E+KE sino’t)................. (2)
where ©’ equals 2xf’.

This is merely the value of the volt-
meter reading as it pulsates back and
forth over the scale (under modulation
rates so slow as to permit it to follow
the voltage variation). Whercas in
(1) the amplitude vemained constant
it is now varying sinusoidally, all the
time the alternating c.n.f. is varying
sinusoidally, but at audio-frequency not
radio-frequency. The complete expres-
sion for the modulated caryier is ch-
tained by substrtuting the varying
amphtude for the steady state ampli-
tude E, that js, by substituting (2) in
the place of I in (1). This gives
e’ = (E-LkE sin o’ t) sin wt....(3)
Or, expanding ;
¢/=EF sin ot 4 kE sin ot sin o t.(4)

The right-hand member in the right-
hand tertn may be removed and replaced
hy two terms each equal to half value.
This is as simple as removing an app'e
{from a dish and replacing it liy two
halves of an apple. While the apple is
now of different form, the number of
apples present is still the same and the
cquation is not altered except in form.
This gives
e’ =E sin ot+ ¥4 kE sin ot sin wt

+ %% kE sin o't sin ot......... (5)

The value of (§) is still the same as
that of (4).

Now if we add a certain amount to
the middle term, and take away the
same amount from the last term, the
equation will still have the samne value
and will be unchanged again except in
form. Let this amount be ¥4 kIT sin wt
sin w’t. The equation then becomes
e’=E sin wt+ 4 kE sin (0 +a’) t

-+ % kE sin (0—w’) t........ (6)

Thus (6) is of different forin but is
still equal to (3).

Inspection of (3) shows it to be an
alternating e.m. . of constant frequency
but of variable amplitude, while inspec-
tion of (6) shows it to have three
different frequencies all of unvarying
amplitude ; that is, unmodulated.

Now if we take the three frequencies
expressed in (6) and add them we do
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not get a constant amplitude modulated
in frequency, but instead we gel (3)
which is a constant frequency modu-
lated in amplitude. Such being the case
it is utter folly to try to analyse the
frequency modulated carrier on the
basis of sidebands and carricr shown
in (6). There is no way they can be
added up into 2 frequency-modulated
constant-amplitude result.  There is
positively no sensc in arguing the sub-
ject with those of understanding such
as to be unable to see the radical differ-
cnce  bhetween the two systems of
modulation, or who fail to realize thal
the components of one particular type
of phenomena cannot be rcsolved inta
some other entirely different resultant.
The resultant of (6) can never be any-
thing but (3), and (3) is surely any-
thing but the expression for frequency
modulation. This may be mare ap-
parent when we examine the expression
for frequency modulation.

When the frequency is modulated
sinusoidally, it may be represented
graphically by a sinusoidal wave. Let
the mean value of frequency f be the
zero line of the modulation frequency
/. This is the frequency at no modula-
tion. Let the positive peak of the
modulation cycle represent the upper
limit of frequency variation, fu. The
negative peak of the modulation cycle
is then the lower limit of the frequency
variation, f 1. The amplitude of the
modulation is then  either (fu-f), or
(f-f ). Both are the same, in the same
way that the positive amplitude is the
same as the negative amplitude in an
ordinary sinusoidal wave,

If we let fo De the instantaneous’

value of the frequency of the carrier
wave and we modulate the carrier fre-
quency al a rate sin w’t, through a fre-
quency range of (fu-f) which is the
amplitude of the wmodulation frequency
in lerms of carrier frequency, then the
cxpression for the instantancous value
of the frequency is
fo=f4-(fu-f) sima@'t............ (7)
Since the amplitude of the em.f, is
conslant, the expression for the instan-
taneous value of the frequency maodu-
lated e.m f. is then
e” = E sin 2n fa t = E sin w.t....(8)
where w, is the instantaneous value of
the angular velacity due to the varying
frequency fo. When such an em.f, is
impressed on a circuit the fundamental
frequency of which is f, then the cur-
rent is altevnately lagging and leading ;
the power factor is therefore likewise
alternately lagging and leading, as the
impressed frequency passes ahove and
below the natural frequency of the cir-
cuit. It is apparent therefore that the
vnmodulated frequency should not be
spotted directly on the peak of the
resonance curve of the circuit, but
should be located on the straightest pos-
sible partion af the side of the selec-

tivity curve so that the limits of fre-
Gguency modulation are joined by as
straight a portion of the curve as pos-
sible, JIn this way, a sinusoidal varia-
tion in frequency will give a sinusoidal
variation in output or response in the
circuit and result in a minimum of dis-
tortion. It is believed that this
principle has not been observed in the
application of the “radiostat,” partic-
ularly, and that this is partly ithe cause
ol the distortion therein.

Output of Crystal Circuit

The output of the crystal circuit is
modulated both in fruquency and am-
plitude so that the detector has im-
pressed on it a current that woblles
slightly in frequency, but inappreciably
and thus perhaps no more than in or-
dinary rcception by the ordinary super-
heteradync, bul the variation in ampli-
tude is very great, as in ordinary reccp-
tion. That is, frequency modulation is
traded for amplilude modulation just
ahead of the deleclor. At this point, we
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ANACONDA WIRE & CABLE -
COMPANY'S BUSINESS E
INCREASES 8

Tho fact that the Anaconda
Wire & Cable Company, a sub- =
sidiary of the Anaconda Copper
Company, reported a nel prafit
of 8161,465 or 38 cents a share
on the capital stock for the March
guarter cantrasted with only
859.417 or 14 cents a share a
year aga, throws an interesting -
side light on the copper wire and -
cable indusiry. The increase in
profits this year, it s understoad,
was due to the better diversifica-
tion of businesy in the more prof-
jtable lines of production, which
include the fimer wires such as
are used in manufacture of radios
and automobiles.
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may disregard the frequency modulation
and consider only the amplitude modula-
tion since the former is so slight and
the latter so great. The circuit upon
which the amplitude modulation is im-
pressed will behave as for constant fre-
quency, with negligible error, and if
very sclective, sideband suppression will
result.  Even if this circuit has no
sclectivity, but has reactance only as in
the case of a d-c. circuit on which a
pulsating current is impressed, suppres-
sion will take place in the higher audio
frequencies. Moreover, if the detector
is discriminating, high frequencies will
be further depressed from this cause.
The sideband theory can apply enly to
amplitude modulation, and therefore can
become active only after frequency
modulation has been changed into
amplitude modulation. Now if it can
be proved that the selectivity of the
crystal is an inverse function of its

RADIO ENGINEERING

decrement, the same as 10 any resonant
circuit, then its output will be affected
by its own inherent lag in its rise and
fall of resonance, and this is equivalent
to the suppression of sidebands. How-
ever since it is nol known whether the
response of the crystal is greater than
the amplitude of the exciting force, but
only greatest at resonance, and, since
it must be realized that the addition of
resistance does not broaden the selec-
tivity curve but only lowers its altitude
(within quite wide and reasonable
Limits) it is just possible that the selec-
tivity of the crystal can be very high
and yet the decrement remain fairly
large so that very little suppression of
sidebands could result irom the tend-
ency of the crystal to remain in oscilla-
Lion after once excited. This might be
determined from experimental research
divected towards the finding of the time
constant of the crystal, which is the
measure of its tendency to persist in
oscillation.  The actual results of
demonstrations as reported in the vari-
ous journals would indicate that the
crystal has a very appreciable time con-
stant, unless the distortion is due to the
(ailure to operate on the straightest pos-
sible portion of the selectivity curve as
):fore mentioned,

Application of Sideband Theory

The conclusion is, therefore, that in
the radio-frequency amplifier of the
frequency modulated receiver, the
sidehand theory cannot apply; but
the moment f{requency modulation
is converted into amplitude modula-
twon, then, and then only, can
and will sideband suppression result
in any circuit conlaining an ap-
preciable time constant; be it due either
to the electrical properties of the circuit
or the piezo-clectrical properties of the
crystal.  In those poctions of the re-
ceiver where the frequency modulation
principles apply there can be no sup-
pression of sidebands but in those por-
lions containing amplitude variation
sidebands will be suppressed, mathema-
tjcally. Physically, the suppression is
due to the lag in the rise and fall of
resonance due to the inertia of the cir-
cuit to changes in its degree of oscilla-
tion. Aumnalytically either viewpoint is
correct. ['he important point is that
the Stenode is very clearly governed by
the same laws of amplitude modulation
as olher receivers, but offers the ad-
vantage of the super selectivity made
possible by the use of a crystal. More-
over the principle of transinission is
sound, for, since the sidebands in (6)
cannot be resolved into (8) but only
into (3), there can be no iaterference
between bands no matter haw great the
modulation frequency. This is hascd on
the assumption that (8) can never at
some future date be proven to be made
up of components that have frequencies

S a2l e
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fulling outgide the range of frequency
modulation, 1 found, such components
canned be sidebands as i (6), but will
Be of zome other form, or a Fourier’s
sories, They mnst be soch had when
renolved into o resultant they will give
(R and not (3).

Station Separation

It is possible, therefore, to locate
stutions much closer together by reason
ul the much narvower frequency bands
perinissible, and then compensate for
ilie high suppression caused by the
gieat selectivity of the receiver.  Such
[osvalem cannot cause interference on
ilin sidebands, for, the sidebands are
gonerated  (mathematically) at the re-
coiver instead of at the sending station.
i the way between sender and ve-
coiver the phenomena js expressible by
(). After passing the crystal the
slienemena is expressible by either (3)
it (0. Thus sidebands are not gener-
ated until the  energy  reaches the
( l'_\'h’f;ll.

Analogically it amounts to long-
iinlinal vibration along a string as com-
pured to transverse vibration along a
If sender and receiver are so
connected, then lougitudinal vibration
will require a band no widey thau the
dlmensions of the string itself. But if
onery is transferred along the string
L means of transverse vibrations, then
stalions side by side wust be located
with greater separalion to allow the
sirings to vibrate freely without inter-
ference, With the case of longitudinal
vibration the strings could be erowded
1o close together as to actually be in
{izht contact throughout their length
without interfering, but this could never
o realized in the case of transverse
vibration. If after arviving, the long-
tindinal vibvations ~1e converted into
icansverse viarations, all the yvoom de-
uired is obtainable at the wvarious re-
cetvers and this in no way interferes
with the transmission of energy along
the strings or causes them to interfere
with one another,

Unfortunacly for the longitudinal
sviatern as in ilie case of the Radiostat,
ilelection requires conversion into trans-
verse vibration, analogically, and this
cun be  obtained  from  Jongitudiaal
viheation only by the use of a converter
ol excessively great selectivity. The
sutput of such a converter must suffer
the results of suppression since it is an
amplitude 1oduolated output., However
i1 n detectoy can be invented now that
will function on frequency modulation
tnetend of amplitude modulation, so that
nelectivity cannot hinder its input, fully
i goad andio quality as frem amplitude
modulation will be readily obtainable
without resorting to the use of com-
fengated andio systems; and, the sys-

wring.

tem throughout will be entirely in-
dependent of sidebands.

Therefore we may conclude that the
fact the sideband theory is operative in
the Stenode the moment f{requency
modulation is converted into amplitude
modulation, wakes the andio quality
still dependent on the sideband theory;
but since this modulation occurs in the
veceiver instead of at the sender, the
resulting sidebands cannot be in the
ether Dbetween sender and receiver.
Since the sidebands are thus confined
within the receiver, there is no way
they can overcrowd the ether, or pre-
vent sending stations using the fre-
quency modulation principle from being
located as close to each other in fre-
gquency as the range of frequency
modulation adopted as standard will
permit.

Required, a Detector to Operate on
Frequency Modulation

Tt is quite probable that transmission
and reception on the frequency modula-
von principle from beginning to end
will become a reality. Lt awaits only a
detector that will operate on frequency
modulation iustead of amplitude modu-
Jation.  In such eveni, the sideband

A
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theory will apply at no point along thc
transmission. Thus far it las been
developed in the Stenode to the point
where the sideband theory does not
apply between sender and receiver and
thus can cause no station interierence,
but it does apply just at the point of
conversion and thus causes audio sup-
pression in the higher fiequencies mn
accordance with the sideband theory.

Nothing could be clearer than the
proposition that frequency modulation
and amplitude modulation are radically
different and entirely nnrelated
phencmena, and that therefore the
components of amp'itude moduuition as
i (6) canpot be used to analyze
frequency modulation phenomena as
expressed in (8). The Stenode demon-
strates the truth of the foregoing prop-
ositions. It does receive without inter-
ference, and yet it does suppress the
high frequencies. [f it were not true
that reception on the Stenode is in-
dependent of sidebands up to the erystal,
then the compensation in the audio
amplifier would also compensate the in-~
terference, and in the same manner as
it restores the sdppressed frequencies it
would also restore the interference.
This it dees uot do, thereby demonsirat-
ing the truth of the analyses made in
this article.

A

New broadcasting station KDKA near Pittsburgh, Penna.
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Installation of

radio receivers

in the home

By M. AscH

L A

Shielded antenna lead-ins when used prevent much of
the disturbing noises complained of

NE of the 'main problems

facing the serviceman today

ts that after nslalling a new

radio receiver in 1the modern
home the noise level input into the set
from the antenna should be low enough
to enzble the user to operate his re-
ceiver on the upper as well as on the
lower end of the dial.

Until the present time a typical ex-
planation on the part of the service-
man has been: “I'm sorry, madam, but
the slation you desire to bring in is
only a small one and nobody ever
listens to it anyway.” Or, “Your ice-
box or oil-burner, or some other cause
of disturbance is responsible for the
lack of reception.”

This is not true any more. Those
stalions on the higher frequency end
of the dial, broadcasting with a power
of 250 watts or more are of a poten-
tial service to their communities up to
a 50 mile area.

Receivers of 1930-31 are easily able
to separate these stations so that if the
naise level is reduced to below the volt-
age input we would be able to receive
them with almost the same quality as
that of the upper wavelengths depend-
ing, of course, on the broadcasting
efhciency.

It is curious to note that although
commercial broadcast receivers have
undergone radical changes since their
advent about ten years ago, the instal-
lation of the receiver itself remains as
heretofore. The same type af lead-in,
ground connections, and antenna. Also
the same tacking around the room.

Shielding

In recent years shielding has been
employed in receivers. At no point
within the receiver itsell is any radio-

T

frequency current permtled to wander
and cause disturbance or unbalancing
to any other circuit. But, how seldom
is the real cause of noise disturbance,
and other  so-called man-made static
eliminated before it gets inta the ridio
sct through the antenna connection?
When the set is Llested in Lhe factary
it is balanced and adjusted under exact
conditions, through an oscillator system
or other electrical or mechanical means
of broadcasting. The receiver is then
neutralized or balanced to each peak
point at its maximuni and sent forth
into the field. But how exceptional is
the case where the same receiver works
as satisfactorily under the conditions
existing in a customer’s home? It is
true that those stations with enough in-
put come clear, but haw aboul the low-
input stations within their serviccable
area’?

It is also curious to note that the
radio manufacturer, once the set leaves
his warcehouse seldom takes thc trouble
to see thal his merchandise is installed
in as painstaking 2 manner as the re-
ceiver has been manufactured. The in-
staller, usually the lowest paid individ-
val of a radio concern, too often does
not take sufficient time to do a goad
job. Usually a service manager tells
a serviceman to install the sets with an
anlenna at right angles to, or facing
north and south. Ancther service man-
ager tells his men to install the antenna
at a left angle, or facing east and west.
Ask either, why this or that method—
the answer may be—*“Well, from my
experience this is the better way.” In
other words, a thorough engineering
analysis of the anlenna and ground
requirements in the home is seldom
made. If the set seems to play well
enough, then the order is—"“Leave well

RADIO ENGINEERING

enough alone”—f, on the other hand,
the receiver does not perform well,
then any stock excuse is advanced.

Shielding, which plays a big parl in
modern radio sets, 1s rarely employed
by the layman. In an ordinary apart-
mcnt house installation about zo fect
of braided or shielded lcad-in would
eliminate very much of the extraneous
noise, including the much dreaded ele-
vator clicks. In installing shiclded lead-
in one has to be very careful that the
outside shield is grounded in more than
one place; best, at both the incoming
window and directly at Lhe ground of
the set. Usually the hest results ob-
tained are those using the shield as the
ground to the set and grounding the
outside end ncar the window.

A certain radio manufaclurer was
modern enough to equip every d-c. set
of a cerrain model with 5o feet of
shielded lead-in. Where this antenna
equipment was actually uscd in install-
ing the receivers, lillie or no (rouble
from inlerference was experienced.

It stands to reason that a modern
radio set, which is built with all he
engineering ki:owledge availabl:, should
be installed in a workmanlike manner.
An educational campaign for public,
relailer, service manager and service-
man might well be established through
the RMA, that all may be advised of
the latest methods approval by engi-
neers to give more freedom from static
and other unuccessary noiscs. For
instance, by a filter system so calcu-
lated as to efficiently couple the antenna
to the set and thus by-pass unnecessary
high-frequency currents.

If the public is satished that the re-
sults obtzined are benefcial it will
pay the additional charges involved for
hoth time and equipment,

A

POWERFUL RADIOTELEGRAPH
STATION UNDER CONSTRUCTION
IN FRANCE
A wireless station more powerful
than any that has hitherto been built
in France is now under construction
just outside of St. Nazaire (Lower
Brittany).  Destined for telegraph
communication between France and
shipping in the Allantic, the new station
is expected to Dbe completed by the
autumn, according to “Reuter” (Paris).

A

21 CHINESE RADIO STATIONS TO
OPERATE INTERNATIONAL SERVICE
THROUGH SHANGHAI

By order of the¢ Ministry of Com-
munications, 21 Government radio
stations in China from Tientsin in the
North to Ichang in the West and
Canton in the South will operate inter-
national services after May 15, trans-
mitting through Shanghai.
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The

design and

construction of standard

. ) T
S|gna| qgenerators

By C. J. FRANKS and MALCOLM FERRIS

R

With modern high grade radio receivers it is important
that the systems employed in testing be properly
esigned.

requirements of any standard
signal generator which is to be
stitable for the laboratory testing of
madern highly sensitive and  selective
vadio receivers.  Lollowing this will
e ilescriptions of three  particular
penerator models, each of which was de-
aipned to fulfill the general requirements
aned some special requivements.  This
sevtion will also comsider briefly some
ol the problems encountered in the per-
{ormance testing of a signal generator
afler its construction has been com-
pleted.
|n the past few years the radio art
Iins developed certain so-called standard
lests to be used in rating radio receiv-
lup apparatus. These standard tests, in
rontrast to the old, uncertain method of
(lelermining performance by listening
teats, provide a simple, fairly accurate,
uned readily reproducible method of
eviduating any receiver in terms of cer-
(n{n quantities such as sensitivily, selec-
ilvily, fidelity, overload, etc. These
quintities when properly determined
define quite accurately the performance
ul nny receiver and so permit the com-
prntive worths of various receivers to
he stated. It is the purpose of this
puper to describe in detail the appa-
titus which is necessary for, and the
development of which has made possi-
hle the making of, these standard tests.
[ must be noted in passing that these
alnndard tests, important and significant

LT first section of this paper will
discuss in some detail the general

"11;7;'11"(:1 before the Radio Club of Awmerico
March 11, 193)

A A

though they may be, can never wholly
replace listening tests. There are still
certain features of receiver per-
formance that cannmot fully be deter-
mined by the standard tests, and which
can best be determined under actual
operating conditions. Another impor-
tant function of the listening tests is to
confirma the conclusions rcached in the
laboratory measurements; this function
must always be utilized if the labora-
tory data are to serve their greatest
usefulness.

Tlic apparatus to be described was de-
signed to make possible the rapid and
accurate performance of tests on such
reccivers as come to the engineer for
raling, as well as to provide for the
labofatory tests which accompany the
design of all new receiver maodels. It
is evident that one of the important

ARy

Flg. 1. Signal gen-
erator for 150 to
7500 kec. range.
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uses of such a device is the rapid and
continuous testing of a receiver model
which is in process of design. A simple
method of measurement makes possible
the evaluation of each small change or
improvement in the receiver design as
soon as it is made, so that the worth and
economy of each change and its effect
on the final performance of the receiver
may quickly be determined and its in-
clusion or exclusion in the final design
decided.

The principal requirements of the
apparatus for making possible the var-
jous tests mentioned above have already
been stated in an article by P. O. Farn-
ham and A. W. Barber which appeared
in the .R.E. Proceedings for August
1930.

Reduced to essentials, the apparatvs
for making tests on a radio receiver
consists first of a generator for pro-
ducing a sigral to be intyuduced into
the receiver, and second, some sort of
output meter for measurnng the audio
{requency oulput of the receiver.
Other auxiliary apparatus is of course
desirable and necessary for the investi-
gation of certain sccondary properties
of the receiver, but the standard signal
generator and output meter arc the
chief tcols with which the engineer has
to deal and, in fact, are the only items
necessary for the making of the most
important tests, sensitivity, selectivity,
fidelity, and overload. Suitable output
meters have been described and are
available on the market, and need no
further exposition here. This brings
us to the, discussion of the standard
signal generator proper, ar microvalter,
as it is more commonly caulled.

The Properties and Requirements of
a Standard Signal Generator

Simply stated, a standard signal
generator is 2 source of modulated radio
frequency voltage whose carrier fre-
quency, modulation frequency, dep‘n of
modulation and absolute value of sutput
voltage are all accurately controllable
and known. These fundamental proper-
ties of thc microvolter will bear con-
siderable detailed discussion, but before




enlering into this discussion it may be
well to digress long enough to state
several other consideralions to be taken
into account in the design of a practi-

cal instrument. They are chiefly con-
cerned with convenience of operation
and range of usefulness of the appa-
ratus. While the features to be men-
tioncd are very desirable, they are not
to be taken as absolutely necessary to
the fu!flillment of the fundamental re-
quiremenls just stated.

I. The complete apparalus should be
of such size and weight as to be com-
pletely portable, and the power supply
requirements should be such as to por-
mit operation from ordinary battery

sources. This will permit motoriza-
tion if desired for field strength
investigations.

2. The shielding of the generator
should be sufficiently complete ta permit
its operation in the same room with,
and even very close to any receiver
apparatus under test,

3. Tt should be possible to cover the
complete range of the generalor as re-
gards frequency, output voltage and
modulation without the necessity of
making any laborious adjustments or
changes which mght require disassem-
bly of the apparatus.

4. The instrument should be entirely
direct reading, so that measurements
can be made directly without the use of
any calibrations, calculations, or cor-
rections.

5. The instrument must be entirely
self-conlained, no external meters, at-
tenuators, or other apparatus being
permitted.

Fundamental Requirements of Stand-
ard Signal Generator

The carrier frequency must be ad-
justable and knownm (o an accuracy of
about one-half per cent over the range
of radio frequencies likely to be en-
countered in present-day receiver de-
sign. With the advent of the super-
heterodyne this range has been
considerly extended, until now It in-
cludes frequencies from 1,850 kilacycles
down to 150 kilocycles or even lower
in some cases. In addition to the main
frequency adjustment, a fine adjust-

TR TR R HE DT
Fig. 2. Signal gen-
erator for 150 to
1500 xc. range.
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ment for varying the {requency in small
steps to at least 30 kilocycles each side
of any test frequency must be pro-
vided for the making of selectivity
measurements. [t should be paossible to
adjust the frequency in increments of
about one kilocycle at the highest car-
rier frequency in the range. The means
provided for making this adjustment
will ordinarily permit even smaller in-
crements to be rcad at any lower fre-
quency, due to the characteristics of any
practical means for accomplishing this
end.

Any consideration of carrier fre-
quency requirements must also include
tne matter of frequency modulation.
This last has of late become of such
great importance, due to the increas-
ing amounts of selectivity being built
into modern receivers, as to merit dis-
cussion in some detail.

The ideal way of obtaining the
modulated radio-frequency wave in a
aicrovelter is, without doubt, the modu-
lation of a separately excited amplifier
system. With proper design such a sys-
lem results in an absolute stability of
carrier frequency (zero frequency
modulation). However, any attempt
to design a standard signal generator
along these lines very quickly leads to
a result which in size and power re-
quirements bears more resemblance to a
broadcast transmitter than to a piece of
laboratory apparatus. It is nol neces-
sary to go into detail on the difficulties
encountered in shielding so large a pro-
ject successfully. For these reasons it
is usual to obtain the modulated wave
directly from a self-excited oscillator,
whose power is purposely kept as small
as possible in order to minimize power
supply and shielding difficulties. Modu-
lation is readily accomplished by in-
serting into the plate circuit of this
oscillator a vollage containing both di-
rect and alternating components, the
ratio betwecen these components being
adjusted to give the desired modulation
ra‘io.

In a triodc oscillator of the usual type
a variation of plate voltage changes the
frequency of oscillation. When the
plate voltage is varied at an audio-
frequency rate the result is an output
wave whose amplitude and frequency
both are varying over a certain range.
When a wave of this type is applied to

RADIO ENGINEERING

a receiver tuned exactly to the generator
mean frequency, as is the case when
measuring most of the receiver char-
acteristics, no bad effects from the fre-
quency modulation are evident If,
however, the resonant frequency of the
receiver differs from the frequency aof
the impressed signal, as is the case
when measuring selectivity, the varia-
tion of carrier frequency, in effect,
slides the point of coincidence belween
the wave and the response curve up
and down on the curve. This causes
a variation of amplitude of the wave
reaching the demodulator of the re-
ceiver, or in other words the frequency
modulation is translated to ampliiude
madulation,

When operating on one side of the
resonance point the amplitude modula-
tion due to frequency modulation adds
to the normal amplitvde modulation,
while on the ather side of resonance it
subtracts. It is chicfly this effect which
causes the large asymmelries noted on
a great many of the selectivity curves
which have appeared in various radio

Flg. 3. Minlature ortable
generator.

signal

publications as representing perform-
ance data of sample receivers. The
amount of amplitude modulation pra-
duced from a given amount of fre-
quency modulation is proportional to
the slope of the resonance curve at the
point of operation. In the mordern
highly selective receiver it is ecasily
possible, with the amount of frequency
modulation usually encountered in a
small signal generator, to produce
enough amplitude modulation to cancel
completely the normal amplitude modu-
lation. The resulting wave has prac-
tically zero modulation, except for the
fortuitous presence of sundry har-
montcs, and under these conditions the
demodulalor may reach radio-frequency
overload long before standard output
powcr is obtained from the audio system
of the receiver.

The ultimate effect is a selectivity
curve which is slightly bulged out on
one side aof resonance and considerably
sucked in on the other; this is usually
interpreted as a fault of the receiver
under test instead of being charged to
the signal generator used.

Frequency modulation in the micro-
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vilter can always be detected by tak-
lngr n selectivity curve of a receiver,
guing constant carrier (or intermediate
[requency) voltage at the demodulator
o standard signal, rather than audio
aiitput,  If under these conditions a
nocmal symmetrical curve which does
aol apree with previous measurements
v ohtained, and if, during the run in
whicly the demodulator carrier voltage
in held constant the audio-frequency
aidput varies through wide limits, the
piesence of frequency modulation s
clearly indicated.

Ixperience has shown that, in order
nial 1o give trouble when used with the
lishly selective modern receivers, fre-
(ency modulation in the microvolter
izt be held below about 200 cycles for
i plate voltage change corresponding to
v per cent modulation.

The modulation frequency of the
tnndard signal must be readily variable
sver the entire audio-frequency vange
colprising the frequencies used in voice
dul music transmission.  Since radio
ioveivers seldom transmit frequencies
autside of the range 40 to 7,000 cycies,
thie [1equencies are used as the limits
Liotween which the microvolter must be
winily modulated. The change of depth
il modulation with change of modula-
tim frequency (fidelity of the miero-
valter)  should not vary more than
it (wo  per cent over the audio
vhngee, if the wse of troublesome cor-
fection data is to be avoided.

I'he final {fundamental requirement of
tli miccavolter s that the absolute
vilue of carricr voltage appearing at
the vutput terminals shall be accurately
uljnstable and known. It is safe to
iy that this one requirement will cause
the designer more trouble than all of
the olbers combined, particularly if he
teies 1o live up very strictly to an
imitinl high standard of performance.
Tl reasons for this are many, among
them being the complete absence of any
alolule method of measurement for
tiudin-frequency potentials of the order
0l i few microvolts, the unreliability of
all practical checking methods, and the
relatively tremendous errors caused by
atray voltages introduced by invisible
vonplings and leakages. Thus the re-
irement stated concerns not only the
measirement and attennation of small
viltages but the whole physical struc-
ture of the complete apparatus, since the
elibiovate shielding reqoired to prevent
the raddiation of stray fields becomes one
ot the major mechanical problems.

lixpesience has shown that satisfac-
tory limits of performance as to out-
it are about as follows:

1. The output voltage should be ad-

phutabfe  hehween one and 200,000
idevovolts.,

Voltages should be indicated with
ahoaneh aceuracy as their known ab-

sulute aceuracy justifies.

3. The output voltage should bz con-
tinuously adjustable betwceen the limits
stated.

4. The output impedance of he yen-
erator should not exceed two ohms.

5. The attenuation systemy used must
zive consistent operation oveyr the range
of carrier frequencies to be uvsed.

6. Adjusiment of the magnitude of
the output voltaye must have absolutely
no effect upon tlie carvrier f{requency.

7. The wvoltage supplied to the at-
lenuzation system should be fairly con-
stant with carrier frequency.

8. T'he voltage appearing at the out-
put terminals when the attenuator is set
for zero output should not exceed about
one-tenth of a microvolt.

9. The slielding of the complete gen-
erator and the wiring of the attenuator
must be so carefully worked out that
stray radio-frequency potentials greater
than about one microvolt cannot be de-
tected anywhere about the apparatus.

Tt is evident that some of the above
points concern not only the attenuator
system and structure, but the entire
clectrical system and mechanical lay-
out of the complete generator.

The Shielding Problem

Some idea of the magnitude of the
shielding problem may be obtained from
a consideration of the voltage levels
to be found in the various paris of a
complete  standard  signal  zenevator
system.  In a practical systeri, the one
which will be described in detail, the
oscillating civcuit develops about one
hundred volts, while the input to the
attenuator proper is one-half volt. Thus
if we desire to use outputs of the order
of one microvolt, the attenualor must
have a uscful range of 500,000 to one,
while in order to keep strays well be-
low the magnitude of the voltages being
used, the shielding system ol ‘he micro-
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volter is called uvpon to effect an at-
tenvation in excess of 100,000,000 to
onc, or a matter of some 160 decibels.
This concludes the detailed considera~-
tion of Lhe things which we shall want
to find in the signal generator which we
are going to build for use in the
laboratory, Let us now take up the
discussion of the way in which all of
these widely varying factors affect the
practical design of such a piece of ap-
paratus. One encouniers wmany dif-
ficulties in the attempt to consolidate so
many rcquirements into a single phys-
ical unily, and many compromises
must be made between the various fac-
tors. [t is safe to say that it is elec-
trically impossible to {fulfill in the
strictest sense all of the requirements
just stated. We must sacrifice some of
them almost entirely and fulfill others
only as completely as may be done with-
out jeopardizing still others of greater
importance than the first. Here is an
example of the way it works out:
The shielding problem may of course
be considerably simplified if some of
the requiremnts stated in the beginning
as heing desirable but not absolutely
necessary are made less severe. That
)s, ii the generator be operated in a
screened room different from the one
in which the receiver under test is be-
ing operated, the shielding of the gen-
erator itself need not be nearly as com-
plete as when the two 2re to be operated
in direct proximity. The simplification
is, however, only apparent. It is obvious
that the total attenuation between gen-
erator oscillator and receiver input must
remain exactly as great as ever, so that
the total shielding required is not
diminished in the slightest. If some
shielding is removed trom the generator
proper it must be, put back in another
guise, as for example the separate
screened room. It is felt that the net

C SOuppr R 995w j—

C; 1000uufd R, 5 5w
. €y OSufd Ry 64t~

Cy O0lufd Ry 40,000
Cs 10ufd  Rs 60,0000

Fig. 4. Genoralized circuit of laboratory type generator.
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result is an economy when the gener-
ator is properly and completely shielded
in itself, for the slight -additional dif-
ficulty of complete shielding is more
than compensated for by the elimina-
tion of the ex(ra screened room and the
extra operator. Most important, how-
cver, is the greatly increased {acility
and convehience of operation and Lhe
lessened opportunities for errors of mis-
understanding when all of the ap-
paratus involved can be placed within
the reach and under the direct control
of the engineer making the tests. [n all
of the generators described in this paper
sufficient shieiding has been included
to make possible operation, of the gen-
eralor very close to the receiver under
test.

Practical Examples of Standard Signal
Generator Design

Three types of signal generator are
shown in the illustrations. The first
two, shown in Figs. 1 and 2, are similar
in design and construction, both being
intended for general laboratory use
where performance and convenience of
operation are of greater imporiance
than size and portability. The third gen-
eralor, shown in kig. 3, is of a much
smaller size. It is completely self-
contained including batteries, and of
course has had certain performance
features sacrificed to some exten! in
order to permit the reduction in size.

The two larger generators differ only
in the carrier frequency range covered,
and in the means provided for cover-
ing the range. The circuit details are
so nearly identical that but one diagram
will be sufficient to explain the opera-
tion of both. This circuil diagram is
shown as Fig. 4.

The unit around which the entire
apparatus is built is of course the radio-
frequency generatar. This employs one
112-A tube in the well-known tuned grid
circuit, and of course requires ex-
ternal sources to supply the filament and
plate power. The first model of
generator, shown in Fig. 1, has for its
distinguishing feature an extremely
wide range of carrier frequency. It has
proven entirely satisfactory over the
range 150 to 7500 kilocycles, and has in
fact been operated at frequencies up to
13,500 kilocycles. However, at these
extremely high frequencies the difficul-
ties involved in accurate checking have
prevented the making of a sufficient
number of tests to be certain that op-
eration in this region is entirely satis-
{actory.

Plug-in coils make possible the cover-
ing of this wide frequency range.
Ilight coils cover the range 150 to
7500 kilocycles with guite generous
overlaps. A special feature of the de-
sign is thal coils can be changed very
quickly. Both the inncr and outer
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Sources of error In an attenuator
) system.

shields are provided with hinged lids.
Since no screws or other fastenings
nced be removed the entire coil chang-
ing opcration can be accomplished in
ten to fifteen seconds.

"The tuning condenser is operated by
1 worm drive similar to that used on
piccision wavemeters. This in effect
provides a dial having 2500 divisions
and makes possible a very accurate sct-
ting of the oscillator irequency. The
frequency spread is sufficient to permit
adjustment in the small steps used in
seleclivity measurements, thus eliminat-
ing the need for any form of separate
vernier or fine frequency control.

The attenuator structure in this
model required very careful design and
construction to permit operation at the
very highest frequencies in the range.
Checks with other sources and methods
have indicated that this has rcsulted in
an absolute accuracy of output of quite
a high order even at frequencies as high
as 0000 kc.

The second signal generator, shown
in Fig. 2, was intended for use only
in the frequency range 150 to 1500 kc.
I'his  permitted the elimination of
plug-in coils, since the entire range
could .be covercd by the use of only
two oscillating coil systems. These are
both contained within the body of the
instrument, each being encloscd in its
own magnetic shield, and either is
sclectable by means ot a control
knob appearing on the front panel.
The coil is connected to the tube, tun-
ing condenser, and output circuits by
means of a switch of the familiar cam-
and-leaf-spring type, whose low losses
and low electrostatic capacity make it
suitable [or this use.

The tuning condenser in this model
does not have the worm drive for fine
adjustment. Instead, each coil system
is pravided with a small rotor coil con-
nected in series with the tuncd coil, and
rotatable from the front panel by means
of another dial. The normal position
for the coil is at right angles to the

RADIO ENGINEERING

grid coil. Rotating the coil in one
direction docreases the 1otal inductance
of the wuned circuit and raises the car-
rier frequency while rotation in the
other direction lowers the frequency.
A varnation of about five per cent plus
and minus is obtained by proper pro-
portioning of the numbers of turns on
the coils.

Grid excitation for the oscillator is
obtained through the wsual condenser-
and-leak series impedance, although the
values of these are rather unusual ones
{for this use, as will be seen from the
conslanls given on the circuit diagram,
These values, as well as the various
other constants of the circuit, were ar-
rived at by an experimental process of
design in which such features as fre-
quency slability, constancy of output
with frequency, low current consump-
tion, and satisfactory madulation char-
acteristics were the desiderata. Many
of those named were found to be in-
compatible with others, the design thus
becoming somewhat of a compromise
between the various factors. The values
finally arrived at give a degree of per-
formance which is entirely satisfactory
when used with the most advanced
receivers being built at the present time.

Modulation System

The radio-frequency oscillator is
modulated by inserting into its plate
circuit, in series with the d-c. supply,
an alternating voltage. This is accom-
plished by supplying the d-c. through
the secondary winding of a modulation
transformer, the d-c. resistance being
kept low to reduce voltage drop at this
point. The source of modulating
voltage is connected to the primary of
the transformer, and the resulting volt-
age at the plate of the radio oscillator
tube is one which has both a-c. and
d-c. components. The ratio of a-c. 10
d-c. volts is considered as being equal
to the per cent modulation, this as-
sumption being based on the fact that
the modulation or input-output char-
a_teristic of the radio oscillator is very
nearly linear. The d-c. component is
read on the 150 v. d-c. panel voltmeter.
This voltmeter indicates the battery
voltage applied at the terminals of the
generator, while the vollage actually
appearing at the aoscillator plate is
smaller by the amount of the drop
through the filter system and modula-
tion rransformer. However, by careful
design this difference has been kept so
small as nol to affect the accuracy of
the result greatly.

The alternating component of plate
voltage is measured by means of a
high resistance thermocouple voltmeter
connecled from the plate supply lead to
ground through a condenser which
keeps the d-c. out of the valtmeter
but is large enough not to affect the
a-c. reading even at frequencies as low

‘l
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g0 cycles.  This a-c. voltmeter is
cubibrated  in pealt volts rather than
vangn volts. It is provided withs a series
wnltiplier whose total resistance is such
that the scale indicated on the voltmeter
liwcomes correct when the switch is set
o the tap marked 100 per cent modu-
Thus, if the reading of the
voltmeter is brought equal to the read-
inig of the d-c. voltmeter, the peak of
the a-c. wave wiil be equal 10 the d-c.
voltiae and the plate voltage of the
oxcillator will be 100 per cent modu
lated,  For any other percentage of
wadolation  the  voltmeter multiplier
witch 1s set to the desired tap, the re-
dstance in circuit at this tap Hearing
ihg sume relation to the total resistance
i the desired percentage bears fo I100.
| then the input be readjusted to bring
the readings of the two voltmeters again
(v equality, the modulation ratio will
i the value indicated on the tap used.

The advantages of this system are
thai no calculations or interpolations
are ordinarily necessary, sufficient taps
heing provided to cover almwost all re-
qnvements.  The percentage of modu-
Intion can be checked as often as de-
ired, a mere glance at the panel serv-
iner (o show whether or not the read-
ines of the two meters are in couality.
I'mether, the meter indication is always
lept at the same part of the scale, so
that small modulation percentages may
be vead as easily and accurately as large
ones,  Should it ever become neces-
siry to use a modulation ratio not pro-
vidled for by the switch a simple cal-
vulation and resetting of the a-c. volt-
mefer will make this possible.

The accuracy of the various per-
cenfages relative to each other depends
only vpon the accuracy with which the
voltmeter multiplier resistances are ad-
iusted.  However, the absolute depth
0 modulation of the emitted wave is
dependent upon the slope and linearity
ol the oseillator input-ocutput or modu-
lation characteristic. Since a certain
amount of irregularity has wnavoidably
heen permitted to exist here, the ab-
.olute modulation ratios may be in error
by from five to eight per cent. These
eviars affect the output of the receiver
in divect ratio and may therefore con-
tribmte errors of this magnitude to the
fimal result. However, for ordinary
purposes this error is entirely negligi-
ble, In a series of comparative tests it
ol course cancels from the results,
while even for careful quantitative tests
the crvor, while by no means small, is
manally exceeded by other errors in-
lierent in the apparatus or the method.

The oscillator characteristics vary
with the oscillator circuit constants, and
therelore the modulation depth errors
vary with the output frequency. The
lowest frequency in each range will
ustally be found to be the least ac-
cuvide as to modulation. TFor example,
the modulation depth being set to a

lntion,”

nominal 30 per cent by means of the
panel 1meters, the actual wmodulation
depth of the output wave was found to
be almost exactly 30 at 1400 kilocycles,
rising to alinost 33 per cent at 600
kilocycles.  There is also a slight
variation in this factor betwcen tubes
and m a given tube during rts hfe;
1t appears to be least for tubes of high
conductance.

The modulating source may be either
an external oscillator or the self con-
tained oscillator. I'hrowing the modu-
lation control swiich to “Ext" con-
nects the adjusting polentiometer,
through a suituble flter to prevent
radio frequency currents from Jeaking
out at this point, to the pamel binding
posts marked “Ext. Mod.” In the
center position the input potentio-
meter is left unconnected so that an
unmodulated carrier is emitted, while
when the switch is thrown to “Int” the
potentiometer is connected to the output
of the internal oscillator and the fila-
ment circuit of this tube is closed so
as to set It in operation. Only one
frequency, 400 cycies approximately, is
available from this internal oscillator,
and its output, having purposely been
kept small 10 minimize balterv drain,
is only sufficient for a maximum of
30 per cent modulation This, how-
ever, is suflicient for about go per cent
of the wmeasurements which will be
made with the generator.

Output and AHenuator System

The takeoff coils which are coupled
to the main oscillating circaits of the
generator have their turns and coupling
so arranged that they provide a cur-
rent of 100 milliamperes through a load
of 15 ohms. Of this, hive ohms are
in the attenuator, five in the tiermo-
couple, and the remainirg five are sup-
plied by tho adjusting rheostat.  This
amount is provided 1o serve as a margin
of safety to take care of variations of
oscillator output due to batlery aging
angd to changes of circuit conditions as
the cacrier frequency is varied over its
range.

The current indicating device is a
Weston Type 425 thermo-galvan-
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ometer, In order to prevent radio-
frequency potentials from appearing at
the meter face the thermio junction is
removed from the instrument case and
mouted inside of the attenuator shield,
filters being inserted in the d-c. leads
to the indicating portion of the meter.
The meter scale is then vecalibrated,
the defiection corresponding to a cur-
rent of 100 milliamperes being inch-
cated on the scale.

The attenuator proper is a five step
constani impedance ladder type, the m-
put 10 *he net being connected to any
desired step by means of the mul-
tiplier switch, which thus permits at-
tenuation vatios of 1, 1o, 100, 1,000,
and 10,000 0 be used. ‘l'he last shunt
branch of the system is a continuously
variable slidewire potentiometer wlich
permits intermediate values of output
to be obtained. The scales of the two
controls are marked in inverse attenua-
tions so that the value of output volt-
age is obtained directly in microvolts
by a simple mental muitiplication of
the two readings. The attenuator im-
pedance being five ohims, a maximum
of 035 volt is obtainable at the oulpur
terminals. The output impedance of
the system, looking into the output
terminals from thc load, is variable,
depending on the setting of the slide-
wire, and is equal tg the slidewire veud-
ing divided by ten, in ohms.

1t will be seen that we lave exceeded
the limit of two olins which at the
beginning we placed on the generator
output impedance. This wits rcees-
sary in ovder to obtain the additional
output voltage over the .2 va't originally
specified, However, since at this .2
volt output the generator immpedance is
actuzlly only two ohms, the require-
raents have been met, in the spirit if
not in tho letter. It is possible so to
use the gencrator that the impedance
never rises above the two ohm limit,
simply by staying below the 20" point
on the oualput slidewire. Even the five
ohm impedance, however, will not cause
any appreciable ercor if care is taken
that the load connected fo the gen-
erator terminals is of sulliciently high
impedance not to load the source. The
artificial antenna commonly used, con-
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taining a zoo-mmid. series condenser,
presenls an impedance high enough to
fulfill this requirement.

For some tests, notably those made
upon detection systems, even the .5 volt
maximum is not sufficient. A higher
voltage than this can easily be obtained
by utilizing a stage of radio-frequency
amplification. One of the stages of the
recciver under test can usually be made
to serve very satisfactorily. 1f this 1s
not convenient, a separate tuned circuit
can be connected directly to the gen-
erator output, and the voltage de-
veJoped acrcss one of the reactances
used as the high voilage source. Volt-
ages up to zo or 30 can be obtained
in this way, but it is obvious that they
must be measured by some external in-
strument such as a vacuum tube volt-
meter, since the generator readings be-
come meaningless under such load
conditions,

The attenuator system has a usable
range of output voltage of 500,000 1o
one microvolt. The absolute wvalues of
these voltages are set (or calibrated)
by adjusting the current flowing
through the attenuator to a value which
will produce across the known resisl-
ance the desired value. Tn this case
100 milliamperes and five chims are 1he
values used. The accuracy with which
the maximum voltage is kuown de-
pends thercfore upon:

A. The accuracy with which the cur-
rent can be set to the standard value.

B. The accuracy with which the at-
tenuator resislance is known. Since
not strictly resistance, but rather im-
pedance is the {actor involved here, a
knowledge of the frequency character-
istics of the resistance structure used is
implied.

When an output voltage less than
the maximum is (o be used another
factor is involved:

C. The accuracy with which the at-
tenuation ratios are known, including
the numlcr of ratios which must be
uscd to obtain the desired voltage.

This last factor is by far the maost
serions limitation of the accuracy of
the apparatus and will bea: discussion
in some detail. It is affected not only
by the frequency characteristics of the
resistance structures used in the at-
tenuator but by all sorts of unsuspected
stray couplings and leakages, the detec-
tion and elimination of which con-
stitute¢ a problem of considerable
magnitade. Il is not especially difacult
to build resistance units which will be
substantially frec of inductive and
capacitive effects, and it is very
fortunate (hat in determining the re-
sultant impedance of any clement of
(the attenuator net, any reactive com-
_ponents must be combined vectorially
and in quadrature with (he resistive
component. This means that, in series
with a resistance of 5 ohms, an induc-

tive reaclance of 0.5 ohms, instead of
causing a ten per cent error, will cause
an increase of impedance less than one
per cent. The table below shows the
inductance in microhenrys which ap-
proximately corresponds (o the 0.5 ohm
valoe 3l various radio frequencres. It
is essential that the inductance of each
5 ohm unit be kept below these valucs
if proper operation is to be obtained at
the frequency considered:

Freauency, ke.... 100 300 1500 7300
.05 i

- 15,000
Inductance, mh.. .75 .15 3

063
Practically, this means that induct-
ances of leads which are normally not
considered must not be neglected in the
design of attenuators, '
The inductances considered were
those whose magnitudes would causc
appreciable errors when connected in
series with a single element of the at-
tenuator net.  When inductances be-
come common to two or morc elements,
however, very much smaller induct-
ances tuan these listed will cause more

Flg. 7. Simplified attenuator struc-
ture in 150 to 1500 kc. generator.

serious errors. Fig. 3 has been drawn
to illustrate how this can occur. The
attenuator circuit considered is identical
with that shown in Fig. 4, but the re-
sistances are connected 10 ground in a
different manner. The first four shunt
branches are grounded to a metal sub-
base, AB, which is in turn connected
to the main base or panel through an
impedance CD. 1f we assume CD to
have an impedance of as little as o.01
ohm, due perhaps lo a wire one half
inch long, or to a slightly high re-
sistance structural connection, it will,
with the attenuator switch in the posi-
tion shown, have across it a drop of
1000 microvolts. Thus the last at-
teouator section EFH, which should
be actuated oniy by a o0 microvolt
drop in EB, will really be actuated by
this amount in scries with the drop in
CD, causing an error which may be
larger than a ratio of two to one.

If an attempt is made to eliminate this
error by connecting the lower end of
the slidewire FH 10 B instead of 1o

RADIO ENGINEERING

the main base a different type of error,
which may be as great or greater than
the first, will occur, as shown Iig,
5-B. The drop in FH is now of the
proper value, but the voltage across
CD acts through the distributed ca-
pacity between the microvolter case and
the receiver case, producing & current
which returns through the ground lead
GK. The drop produced by this ca-
pacity current flowing through the im-
pedance GK appears directly in series
with the receiver input circuit, and
thus oay cause errors of many hundred
per cent.

The proper solutian, of course, in-
volves making the impedance CD
negligibly small- —which, in the case of
operation al 7500 kc. means smailer
than 0.00005 m.h. inductive reactance.
This is not easily done, even if the
plate AB is placed directly in contact
with the main base. A special arrange-
ment of shielding to control the paths
of the return currents has been found
necessary to a practical solution of the
problem.

The above cxamples are not in any
way irtended to be a complete sum-
wary of possible attenualor troubles.
They ave given merely to serve as ex-
amples of the difficulties encountered
and of the magnitudes of the quantities
which cause these effects. A great
many of the faults of an attenuator
structure will show up as stray or zero
signal, an output valtage which appears
al the receiver terminals when the
nmicrovolter output cantrols are set for
nominally zero output. In the second
case discussed, for example, the voltage
drop in the ground lcad GK will not
he aflected by the position of the out-
put slidewire, and even with this con-
trol set at zero 2 very strong signal
would still reach the receiver,

Of course, stray signals may also
reach the receiver due to insufficient
shiclding of the generator or filtering
of the supply leads. It is necessary
to eliminate such strays before critical
tests can be made on the attenuation
system. The first step in testing a micro-
volter, therefore, is to make sure that
the stray signal is negligible in com-
parison with the voltage being meas-
ured. If it cannot be made s0, accurate
results cannot be hoped for.

Checking Accuracy

The best method of checking the ac-
curacy of a gencrator, after making
sure that stray signals are negligible,
is to check the ranges of the step at-
tenuator against the slidewire. [For in-
stance, with the attenuvator switch on
x1 and the sidewire «l full scale, a
receiver connected to the generalor is
adjusted to obtain a given audia output.
The attcnuator switch is then placed on
the x10 step, wheu the samme audio
output should be obtained with the
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shidewire set at one tenth full scale.

il chieeks are made beuwveen the
ather aftenuator steps and at various
toihio frequencies ' othe range of the
Any ditficulties due to re-
crrors  in the attenuator will
linw a systematic increase with in-
srense of Irequency.

Stmilar checks can be made on the
ivpe of microvolter using a fixed out-
piil vesistance and variable attenuater
current, but not as accurately. The
mieter cannot be read over a ten to
ane vange, and even a comparison over
o smaller range will in general in-

panerator,

(M AR

valve one reading quite low on the .

meter scale where accurate observa-
tions cannot be made. A further dif-
ficully with this system is that in gen-
vial the change of attenuator current
reactn vpon the oscillator supplying the

current, changing its oscillation fre-

dquincy somewhat.

Anuther method of check is to com-
pare the attenuator with an external
itlentator, increasing the ratio of one
while decreasing that of the other and
clhirerving any change of receiver out-
il I'his method sounds easy but it
actually offers numerous chances for
[F‘or example, the use of a ca-
pucitive attenuator appears very attrac-
tive, but is in praciice very trouble-
The two main sources of error

grror,

Beapnger,
fireg .
(1) Stray capacities in pa-altel with
the low capacity unit.

{2) Small inductances in scies with
the bigh capacity unit.

Unless great care 1s evercised to
iard against these errors, very mis-
lending results may be obtained. A re-
imtance attenvator of 45 and § ohms
i series is probably the easiest type to
ronstiuct accurately, and will give sat-
ilactory  results if properly made.
[Finally, the acid test of all such check-
infr methods is 10 try at least two dif-
ferent combinations or methods. Then
il the results obtained from them do
ot check each other, both methods
Jiomdd be viewed with suspicion uniil
the source of error is found.

[ any event, a properly designed at-
tennalor system will usually be found
t rive quite accurate results, at least
inzofar as can be detected in ordinary
usape.  Indeed, the checks which are
oltained in normal use, when proceed-
i from one range to the next, are
urially so close to the accuracy with
which the test can be performed and
(e readings taken that the operator is

ledd 1o believe thiat he is justified in

rendding the output dial to one per cent.
Heois, as a matter of fact, justified in
rending L to this accurzcy only when
making such measurcments as  selec-
tivity, over load, and stage gawn, which
nre relutive znd  comparative rather
than absolute determinations.

I (his conmection it may be well to
point out the fallacy of attempting to

obtain greater accuracy of measure-
ment by operating the attenuator sys-
tem at reduced values of current,
commenly one-half normal. An analysis
of the conditions, taking into account
such factors as the greatly decreased
accuracy and reliability of the current
indicating meter, the load change whicl
aliers the osctllator characteristics, and
the increased ratio between stray cur-
rents from the oscillator and the true at-
tenuvator curvent, will very quickly show
that the net resolt is a serious loss of
accuracy. The only benefit derived
from the practice is an increased ac-
curacy of reading of the output dials.
This accuracy is already greater in
most cases, however, than the known
absolute accuracy of the instrument
justifies,

Shielding

In order to prevent so far as pos
sible the radiation of radio-frequency

- enevgy from any point gther than the

desired one, the oulput terminals, it is
necessary to shield and confine the man
oscillating circuits of the generator
very carelully, ard the attenuation cir-
cnits only slightly less carefully. The
oscdlating circuit coils, which are of
course the source of the most power-
ful fields, are enclosed in a fotal of
three separate shields, while tle re-
mainder of the oscillating cirewt is
shielded doubly and the attenuator in a
partially separated double shield.

The oscillating coils are each enclosed
in a small copper can shield which
serves to confine the main magnetic
field of the coil. These cans and the
rest of the oscillating and modulating
circuits which are at high r.f. potential
are enclosed in a large box which is
referred to as the main oscillator hox.
This is mounted on insulated pillars
and all control shafts passing from it
to the front panel have insulating
couplings inserted in them., The ob-
ject of the insulation is to prevent cur-
rents from circulating between the box
and the panel and flowing through the
face of the panel, setting up stray volt-
ages and fields, and to insure that only
one ground connection is provided for
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the main box This single ground is
obtained through the Belden braid
which surrounds the output leads sup-
plying the attenuato~ current. Thus all
ground and return curvents are forced
to flow out along this braid, surround-
ing tie output leads (which are con-
linuously transposed by twisting them
around each other) and eliminating
farge current loops wiich might pro-
duce stray fields.

The physical relation of the various
parts of the generator is shown by
Fig. 6 which shows an interior view of
the second (150 to 1500 kc.) type of
generator,

Attenuator

The attenuator is contained in a
copper box which serves both as struc-
tural support and shield, and which is
laid out physically in such a manner as
to countrol the paths of the currents
flowing in it and tw force them to flow
coucentrically around the path of the
current m the altenuator proper, thus
avoiding coup.ings betwecen the known
and unknown currents. The structure
for the first type of generator is some-
what complicated. It is composed of
three separate shield boxes, one within
the other, each carrying a portion of
the attenuator network and the asso-
ciated currents, in order to prevent
couplings between the high and low
potential parts of the attenuator nct.

In the case of the second generator,
however, the decreased frequency range
permitted a considerable simplification
of attenuator structure, all of the parts
being contained in hut one copper box
provided with internal sheelds 1o separ-
ate the various sections of the net. A
side view of tais simpler attenuator,
with the side cover removed to show the
relations of the various parts, is shown
in Fig. 7. A feature of this construc-
tion is the easy access which it affords
for adjustment or replacewent of the
slide wire. In the event of failure of
the wire a new unit can be installed in
two or three minute’s time. This ease

of replacement of the slide wire also
obtains for the first type of generator
although it is accomplished in a slightly

ML et
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different manner. The complicated
shielding of the attenuator prevents ac-
cess from the side, so the entire slide
wire unit is made to be removable
through a large hole in the panel, this
hole being covered by the slide wire
dial in normal use,

Filters

Since practically every circuit ele-
ment inside of the main oscillator box
is at an appreciable radio-frequency
potential to other elements and to
ground, it follows that radio-frequency
voltages appear on all of the leads
entering and leaving this box for the
purpose of supplying battery, modulat-
ing voltage, or the panel meters. These
voltages must be removed before the
leads can be exposed to the receiver
circuits, to prevent the introduction of
unknown voltages into the measuring
circuits. Every lead is therefore pro-
vided with a suitable filter, excepting
only the output current leads, which, in
place of fltering, are provided with
shielding.

The filters are of the familiar low-
pass type in which inductance is in-
serted in series with the line being
filiered and capacity is connected from
line to ground Most of -these flters
are very uncritical as to constants, it
being necessary merely to use coils of
convenient size and low d-¢. resistance,
and to provide capacities of a fairly
large size. The filter constants used in
the battery and output thermocouple
leads were found experimentally to be
adequate for these uses.

In the case of the modulation volt-
age input leads, however, another fac-
tor had to be taken into account, that
of the efficiency and frequency char-
acteristics of the filter, since it was de-
sired to transmit all frequencies up to
7000 with little attenuation, and to work
between impedances of the order of

THE YARIABLE-MU TUBE AND DIS-
TORTION IN RADIO RECEIYERS

(Concluded from page 30)

of curvature at values of S, less than
100 rapidly diminishes. This happens
at the same time that the input voltage
I'g increases rapidly, so that the net
result is a rapid rise in the distortion.
In contrast to this, obscrve the gradual
manner in which the slope of the §51
characteristic changes, and the much
larger value of minimum radius of
curvature. The radius of curvature is
fairly large at loaw values of Sm, where
the largest values of Eg are encoun-
tered. This is why the type 551 accom-
plishes such a large reduction in the
distortion.

The reason for the peculiar shape of
the type 551 characteristic is found in

5000 chms, For this use a more care-
ful determination of the constants of
the circuit was necessary. Still another
special case was that of the modula-
tion voltmeter d-c. leads. The imped-
ance of the battery lead filters is so low
(25 ohms) that if used in the modu-
lation circuit they would have pre-
sented an almost complete short circuit
to the lower half of the high resistance
thermo-couple used here, affecting the
calibhration seriously. For this reason
a special type of filter was used, as
shown on the circuit diagram. The ca-
pacity to ground was kept as low as
was consistent with good filtering ac-
tion, while the capacity across the two
leads was made high in order that no
radio voltages might appear across the
meter terminals.

Miniature Portable Generator

The third type of microvolter is
shown in Fig. 3. 1t was designed to
be small in size, completely self-
contained, and light in weight. The
tubes used are the new 230 type, which
can be economically operated from dry
cells contained within the case of the
instrument. The use of these smaller
tubes will not permit obtaining as high
an output as can be taken from the
1r2-A tubes, The maximum voltage is
100,000 microvolts, appearing across
the same five ohm attenuator net. Since
the oscillating circuit power appearing
in the generator circuits is lawer, the
very complete shielding employed in
the larger models can be partially
eliminated. In this model the inner
shield is not insulated from the outer
case, permitting a much more rugged
mechanical structure. Also, no battery
circuit filters are required, although a
filter for the external modulating volt-
age input circuit is provided to permit
modulation from an external oscillator.

A A A

the detail of construction of the con-
trol grid. The control grid is so de-
signed that the amplification constant
of the tube is reduced as the control
grid bias is increased. The amplifica-
tion constant varies widely and gradu-
ally over the range of grid-bias, and
the term “‘variable-mu” has heen
applied to describe this feature.

Fig. 4 shows an input voltage trans-
conductance characteristic for constant
modulation rise. Under normal condi-
tions a rise of about 20 per cent is
allowable without introducing more
than a negligible amount of distortion.
Note particularly the large difference
between values of allowable input vol-
tage at high biases for the type 51 and
type ’24.

It will be seen that the lowest portion
of the 551 curve in Fig, 4 carresponds

RADIO ENGINEERING

Only one meter is csed to indicate
both the modulating voltage and the
radio-{requency current flowing to the
attenuator. Two separate thermo-
couples are of course required, but the
one indicating movement is used for
both couples by means of a simple
switching arrangement,

This model of generator was also
desired to cover a large frequency
range, and therefore the oscillaling cir-
cuit coils were made plug-in. A worm-
drive tuning condenser similar to that
used in the larger generator is used
here also.

Fig. 8, shows one of the larger gen-
erators as it is actually used in the
laboratary. A small shelf or stand
about fifteen inches high forms a very
convenient mounting for the signal
generator and its associated modulating
oscillator. The generator is lifted up
to a position where its dials are about
on a level with the eyes of the operator,
thus reducing rcading errors and eye
strain, while the bench top is left clear
for the receiver under test, output
meter, etc. A cable is provided to con-
nect the generator to the baltery box
on the foor under the bench. Some
installations have been made in which
the plate voltage for the setup has been
obtained from a generously designed “B
substitute” power supply unit, and
have given fair satisfaction. The poor
voltage regulation of such devices is
one of their chief disadvantages,
especially where the external modulat-
ing oscillator is supplied from the same
source.

Both of the larger generator models
have been in almost constant use in the
laboratory for somewhat over a year,
and have proved to be very satisfactory
under all operating conditions. No re-
ceiver has yet been encountered which
could nat be completely analysed by this
type of gconerator.

nearly to the point of minimum radius
of curvature in Fig. 3. Over the entire
range of control, the type 551 intro-
duces a smaller amount of distortion
than its forerunner, the type '24. Be-
cause of this advance, as well as several
more advantages described elsewhere,
it is believed that the appearance of
this invention of Messrs. Rallantine
and Snow of the Boonton Research
Corporation constitutes a definite step
forward in the art of communication.

A

EFFECT OF THE MOON ON RAD!O
TRANSMISSION
In the July issue of Rap1o ENGINEER-
(NG will appear an authoritative article
dealing with lunar as distinguished
from solar cffects upon radio trans-
mission,
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Microphonic difficulties
in the superheterodyne

By RinALDO DE CoLA*

R

In Superheterodyne

Radio

Receivers Microphonic

Regeneration May Be Due to Vibration of the Plates
of Air Condensers

Introduction

ICVERAL years before the advent

of the UY 227 type tube, a com-

mon zfiliction of many tuned

radio-frequency receivers, and for
that matter receivers of all types, was
inicrophonic regeneration from tubes,
T'liis  particular type of regeneration
wiv  concentrated in  the audio-ire-
nuency tubes, and frequently in the de-
levtor. This greater susceptibility in
the detector tube was, of course, due to
v correspondingly greater sensitivity
und (o the fact that it operated as a
delector.  Experience has shown and
theory of thermionic circuits substan-
tintes, that in no case when the radio-
{requency amplifiers are considered,
it microphonic  regeneration take
place.  Mierophonic regeneration, as
considered in this paper, is that type
ol regeneration due to the mechanical
vibration of elements within the re-
ceiver, which causes a sustained constant
mgnd 1o be emitted from the loud-
apeaker, this sound being transmiited
hick to its source through the cabinet
wills, or through the surrounding
utmospherc, and since it is of the same
phise as the original sound, conse-
qoently reinforces and sustains ne
oxcvillations.  This microphonic regen-
eration is, of course, very objectionable
In nny radio receiving set. However,
itller the introduction of the UY 227
riulio tube for commercial purposes this
type of rvegeneration was, as far as

riclio tubes were concerned, completely -

clliminated. It has become a part of
rivdlo history.

Theory

I'roimr the foregoing it is indicated
thit 8o far as tubes are concerned in
the tuned r-f. receiver, microphonic

* 'Wef Kngsneer, Victoreew Radio Co.

L

regeneration can be dismissed.  That
such is also true for variable condens-
ers in tr.f. tuners will also be shown.
That such is generally the case will be
proven in the theorefical discussion to
follow.

The only type of radio receiver
which is susceptible to microphonic
regeneration due to vibration of wvari-
able air condensers is the “double de-
tection” or superheterodyne receiver.
This is truc because of the tuned oscil-
latory circuit in such a receiver.

In the superheterodyne receiver we
will consider the received signal to be
of frequency « and the oscillator fre-
quency as a higher value of frequency
w,. This point for the oscillator fre-
quency is merely taken for illustration.
Lqual results would be obtained if a
lower value of frequency were utilized.
The beat frequency of course will be
(he difference between these two fre-
quencies. Tlence we obtain for the
value of the intermediate frequency,

w = (“’1 - w) (1)
We can further define «, and w as
1

wl"ri—d (2
or
an’ = 5: (3)
where K is equal to 1/L and
K
W=z (4)

Since the value o is the transmitting
station frequency and canmot be changed
at the receiving end it will be considcred
2 constani. Hence the only available
manner t0 change w, the intermediate
frequency is by carrying o,, the oscilla-
tor frequency. The term 1/L in this case
also is a constant. The only remaining
possible way to carry w, is by varying
the value of the oscillator variable con-
denser C,. Considering a small change
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AC, in the oscillator condenser the
change in the intermediate frequency

will be,
T, /K K K7

8 wn?= 'L’.ull"_ (6) -+ A_d) - 'aj (5)
more simply perhaps,

A wyy? ’Iwuz = (wl T~ A wk)z = ‘01] (6)
In the case of an oscillator condenser
whose plates are vibrating, due to
mechanical feedback in the cabinet in
which the receiver is assumably
mountcd, this vibration is harmonic,
and can be expressed as,

D.=D,sinwT (02}
where Dy is the instantaneous displace-
rment of the condenser plates. D,, the
maximum value of the displacement
The term sin o T determings the rate
of vibration,

It must of course be understood that
in order that therc be a change in the
condenser capacity due to this vibra-
tion either the votor or the stator platcs
of the condenser must be assumed at
rest. If both condenser units vibrate
in synchronism there will be no varia-
tion in capacity. Hence a micropho-
nic voltage cannot be generated. How-
ever, complicated cases may arise
wlicre one set of plates is vibrating at
a different frequency than the others
and is not at rest. Such 2 condition
still leads to microphone action, how-
ever, and we will, for simplicity in this
paper, consider that one set of plates
is stationary while the others are going
through the harmonic action.

We will also, for the sake of sim-
plicity, consider only a unit arca of the
variable condenser as being in motion,
as this will simplify the solutions con-
siderably.

Since C; is the normal value of ca-

S D .k

2D, ¢
ADy €
R
Setion of ava-
tion 8

I

D=D.+D2

C=t + s

- /3. + ;DZQ,
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pacity for the oscillator condenser, this
can be represented as

1 1
A study of Fig. 1 will prove the above
relation,

Expressing the distances D, and D,
in terms of D gives the following value

for C,

. _ 1 1
CJ—CA+D—(D_D2)+(D_D1) (9)

From (6) and (9) we obtain for the
instantaneous value of C, when the
rotor plates are vibrating, (we are
assuming that the rotor plates alone are
vibrating since this is nearly always
true) at the rate shown in equation
(7) or, sin w T,

Since the harmonic motion as con-
sidered from each plate is 18a degrees
out of phase the value of the term T);
for each plate is expressed by

Di=D,sinw T (10)
and

Dy=DgsinwT + (11)
then

1
G ‘C““’=(D—D, - D.sneT) T
L (12)
(D—D,+ D,sinw T < )

which value gives the instantaneous
value af C,. Then from (3) and (10).

w={K (D — Dy DosinwT) 4 (D—
Di4 Dysine T -- )] (13)
which gives the instantaneous value
of @, which is expressed in (13) as
ws?.  An inspection of equation (13)
will show that for values of the sine
terms equal to zero the value of wg®
can be expressed as,

u;’zw]' (14)
However, when the sine terms in (13)
are equal to the value for a go degree
angle for the first sine term and the
value for a z7o degree angle in the
second sine term the value for w® will
become,

P R (15)

The value Aw? is the term with
which we are chiefly concemed since
upon its value depends the frequency
of the microphonic veltage. This term
is only of imterest when it falls in the
audio-frequency range since it is then
that its presence is annoying. IHence
since the wvalue of w? is variable
between the maximum values,

w? and v — B w
we obtain for (1),

wn-——[w]—\’-K Y(D.sinw T + D, sin o
T 7)—w) (16)
Which is equivalent to a frequency
modulated wave w. at the audio fre-
quency, equal to the term,

8 w==vVEK~N(D,sinwT + D, sinwT+7)
from equation (16}.

From the above it will be evident
that in order to keep the tendency to
microphone down t0 a minimum in a
radio receiver the quantity in (15)

Aw,® must be kept as small as possible,
At this point we will funther inves-
tigate (9). Which is here shown
again for convenience.
1 1

C=t=By T o=y
Differentiating,

d G, 1 1

RO RO = D)z an
Then to find minima for Ci.. Since
(D—D,)" is equal 10 D), and (D—D,)
15 equal to Dy’ then

2 2

Dptoa=0
and

Di=D: (18)
Thus it can be readily seen from (18)
that for the minimum teandency of the
oscillator condenser to microphone the
value for C, for the condenser must be
a minimum which is obtained when the
distances shown in I'ig, 1, as D, and
D, are equal. The foregoing analysis
has thus indicated that for minimum
tendency to microphone in a super-
heterodyne receiver, this microphonic
voltage originating in the oscillator
condenser, the condenser must be so
constructed thal the amplitude of vi-
bration (equation 16) must be kept to
an absolute minimum and that the rotor
plates in the condenser must be located
in the exact center of the stator plates
at which point the minimum rate varia-
tion takes place in C, for any given
value of D, in eguation (7).

General

The foregoing analysis has dealt
solely with the effect of the vibration
of the oscillator condenser, IHowever,
there are many points in the mechan-
ical construction of the condensers and
possibly circuit arrangements and con-
stants that go far to reduce the tend-
ency to reduce microphoning. These
will be discussed in the following para-
graphs.

It has been found that if the oscil-
lator energy feeds into the firsl detec-
tor and it is not made much larger than
the amount of energy in the detector
due to the received signal in this circuit
the tendency to microphone will be
proportionately reduced. This is duc to
the fact that usually a relatively large
voltage is fed into the detector from
the oscillater which does not materially
help the sensitivity of the receiver but
which increases the tendency to micro-
phone to a much greater extent. This,
af course, is based on the well-known
fact that if two sinusoidal e. m. fs of
different frequencies are made to beat,
the total amplitude of the beat signal
resulting therefram cannot exceed twice
the amplitude of the weaker signal, In
ordinary receivers the amount of energy
from a broadcasting station in the first
detector is not very large, even on pow-
erful local stations, but on the other
hand the amount of energy induced

RADIO ENGINEERING

into this circuit from the oscillator is
propartionately much larger. This con-
dition only aggravates the tendency to
microphone and does not materially zid
the sensitivity of the receiving device.

It has been found that unless the
detector circuit of a superheterodyne is
very close to the point of oscillation it
does not have any tendency whatever
to microphone. This is also true of any
r-f. stage which may precede the de-
tector. That this is also true of all
t. r. f. recetvers is readily evident.

Using commercially accepted radio
tubes, no difficulty whatever has been
encountered from microphoning from
this saurce,

The use of metal in condenser plates
which possess very little ability to
transmit vibrations is of paramount
importance. If, for instance, one used
condenser plates made of brass, which
is an excellent vibration transmitter,
the receiver will not respond to the
most energetic efforts to eliminate
microphoning. But, on the other hand,
if one uses a relatively poar trunsmit-
ter of mechanical vibrations, such as
aluminum, the difficulty will be reduced
tremendously.

A. J. CARTER WORLD'S FAIR
RADIO COMMITTEE CHAIRMAN
M. F. FLANAGAN, SECRETARY
1 ICK” CARTER, president,

Carter Radio company, and vice-
president, Utah Radio Products, has
just been appointed chairman of the
Radio Industries committee of the
Chicago World’s Fair.

Col. J. Franklin Bell, Chief, Applied
Science and Industry division of the
Fair, made the selection of the veteran
radio manufacturer, whom all radio men
know as one aof the four founders
of the Radio Manufacturers Associa-
tion.

The industry, according to Mr.
Carter, is to have a place of major im-
portance among the “live” exhibits at
the expaosition, ‘which is expected to
draw 350,000 visitors daily during its
run of five months, June to November,
1933.

M, IF. Flanagan, execulive secretary,
Radio Manufacturers Association, is
Mr. Carter’s first appointment. He will
serve as secretary of the Radio Indus-
tries committee. A strong and vigorous
membership of leading radio manufac-
turers will complete the personnel of
the cornmittee and guide its destinies.

A

CONSTRUCTION OF HAWAIIAN
INTERISLAND RADIOTELEPHONE
SYSTEM BEGUN
The Mutual Telephone Co. has begun
actual construction of the interisland
radio telephone system on four islands
and installation of a new land telephone

system on the island of Molokai.

' B
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Typical

public-address

installations

By HeNry L. WiLLIAMS

O

Although the Requirements for Each Installation
Are Special, There Are Various Fundamentals
Common to All

HEN municipalities or pub-
lic avthorities want a public-
address or ceantralized radio
systern installed they usually
fetnin an engineer to draw up definite
specifications.  Private concerns, on
tiie other hand, generally leave the lay-
onl to the individual contractor, so that
ielr sound engineer designs his own
wyatem  and the resulting estimates
mny vary as much as 100 per cent.

‘I'his is one of the reasons why the
abwrid installation concerns should have
w renlly competent engincer oo the staff,
vvent though they specialize in the use of
luctory-built equipment. On the sound-
(voducing capacity of the equipment
depends the price, and efficiency often
guverns the capacity of any unit. An
ineNicient layout therefore usually costs
more than it should—if the contractor is
fortunate enough to get the job.

'I'he necessity for careful planning of
at installation is well illustrated in the
following example.

‘I'he requirements under this contract
were a p-a. system {o cover a new ball-
purk seating 35,000 people. As the park
wid atso to be used as a football field,
i wecond position was designated for the
milerophone, which therefore had to be
movible.  Both radio and phonograph
bl to be provided so that they could
rendily be controlled by the announcer.

‘I'he real problems of this installation
wero introduced by the fact that the
ajrenker assembly had to be mopunted at
n conslderable distance from the an-
nouncing points—raising questions of
voltage drop and efficient jmpedance
relutlons,

An the gketch-plan, Fig. 1, shows, the
apeukers were to be mounted on the 120-

(e

foot lighting tower. As it was pro-
posed to use a certain make of horns,
these werce drawn to scale on the park
elevation and plan blueprints. Accurate
projection of the sound beams, both
horizontally and vertically, showed that
the most efficient height for these horns
was a little over 65-feet, and that six
of them would be required to give the
necessary spread.

The next problem was to decide on
the most efficient arrangement of the
amplifiers. It was determined that the
utmost in flexibility could be secured—
allowing for future expansion—by using
one PAM-35a voltage amplifier (consist-
ing of a type -27 tube working into a
pair of -45's) feeding three PAM-25a
power amplifiers (two -27's and two
-50’s, both push-pull). These thrce out-
put stages would each work into two
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dynamic speakers, allowing about 7§
watts undistorted output per speaker.

A controlling factor, however, was
the lonz run of the voice lines from the
microphone. Naturally, the two-stage
microphone amplifier had to be located
close to the microplione, as the distance
from the mike to the speakers was
either 800 or 1100 feet, dependent on
whether the game was baseball or foot-
ball. After due consideration, it was
decided to use a Go-ohm line between
the mike amplifier and the voltage am-
plifier, and to locate the latter as near
the speakers as possible. Low capacity
lead-sheathed twin cable was adopted
throughout, having a d-c. resistance of
about 5 ohms per 1000 ft. The final
arrangement therefore was to house the
main amplifiers in the base of the light-
ing tower—ior which purpose a room
was built—and to work direct from the
amplifiers into the speaker voice coils.
This ot course necessitated using out-
put transformers having two 15-ohm
windings, or rather, less.

This arrangement resulted in the use
of slx separate pairs from the ampli-
fiers to the speakers. This was con-
sidercd a better arrangement than
potting the voice coils in series, as in
case of breakdown each line could then
be checked separately.

A refinement introduced here was
the installation of an impedance plug
pane! which enabled each woice coil
cirenit to be opened and an impedance
of equal value substituted in the feed
line, by means of an ordinary plug.
Thus, should a voice coil burn out, it
could readily be detected and the im-
pedance substituted. The length of
the 15-obhm lines, it will be noted was
but 60-feet.

In order to minimize the possibility
of having to service the speakers on the
mast, the standard dry rectifiers were
removed and the fields supplied from
a tube-type rectifier assembly in the
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amplifier room, using pairs of type -81
tubes for full-wave rectification.

Announcing Equipment

As the microphone assembly had to
be portable, it was necessary to house
the mike amplifier in a suitable carry-
ing box, with plug reccptacles for the
phonograph and radio, and a2 simple
switching arrangement. All that the
announcer had to do then was to detach
his a-c. and line cords. A special small
bakelite panel was buill into the end of
this box to carry the switches, and in-
dicator lights were provided to show
what was “on’ and what was “ofl.’
A switch on the plug panel in the press
hox where the announcing was donc,
cut out the dead end of the line when
the remote position was not in use.

On the same panel was incorporated
a momentary-contact switch which
operated a relay in the amplifier room
and threw the a-c. “on” or “off.” With

TUBES
ELEVATORS

HHREE element tubes, similar to

radio tubes, are employed in the con-
trol of automatic eclevators. These
tubes really act as the “human agency”
carrying the signal that informs the
control machinery as (o when to stop
the elevator. In the usual set-up, sev-
eral tubes are mounted on each ele-
vator car, normally in oscillation. )3y
a special arrangement of coils and
vanes, the motion of the car is made
to stop the oscillation of the tube, thus
actuating relays which in turn govern
the control circuits that slow up the
car and stop it at the desired position.

Other Uses

The use of vacuum tubes in engi-
neering and rescarch laboratories is
increasing every day. Qutstanding in
their present-day application, are: for
measurement of high-frequency cur-
rents of small magnitude—the instru-
ment employed is known as a vacuum
tube voltmeter; for creating sound
waves of any desired frequency or in-

YACUUM OPERATE

this arrangement, the announcer could
operate the entire system from the press
box or the football announcing booth,
and it was unnecessary to enter the
amplifier hut.

In distinct cantrast to this joh as 1o
the problems involved, was a small ship
installation. This installation, which
was duplicated on another boat, con-
sisted of four dynamic speakers built
into the panelling of three public
rooms—the smoke-room, observation
room, and dining saloon. Music is
pravided by a phonograph and radio
receiver, wilh centralized control of
volume. The receiver used is the latest
type superiieterodyne having a pair of
—45 tubes in the outpul stage. This,
of course, was not quite sufficient out-
put for the four speakers, giving but
a little over 1 watt per speaker. A
separate output stage of push-pull —s0's
therefore was built vp in this installa-
tion from AmerTran parts, with its

A A A

tensity—a device known as an audio
frequency oscillator is here utilized;
for producing radio frequency signals
of any desired wave length—this is
performed by an instrument called a
radio frequency oscillatar, one of its
most important uses being in the effi-
ciency testing of radio receivers.

A

GROUP AUDIENCES

N interesting psychological fact

with respect to the growing “pull-
ing power” of radio programs coin-
cident with the improved quality of
broadcasting being evidenced, is pointed
to by D. F. Ketcham of the Sales Pro-
motion Department of E. T. Cunning-
ham, Inc., who gives it as his opinion
that radio is becoming less and less a
matter of mass cntertainment and de-
veloping steadily into small selective
groups with specialized tastes.

In the not recent past, he states, radio
enterlainmenl was merely a background
for the evening’s activities. Now, how-
ever, he believes that the high quality
aof musical and educational features

RADIO ENGINEERING

own power supply. It was considered
quile unnecessary to go to the trouble
of altering the —45 stage to —27’s as
there was ample gain in the —45 stage
to produce maximum grid swing on the
—50's.

As the ship’s supply was 115-v. d-c, a
converter was supplied to transform
this into 110-v. a-c. Some temporary
dificulty was experienced with this 350-
watt converler due to the hum of the
armature. The converter was installed
in the engine room, yet the faint whine
was audible two decks above at the
radio input. Mounting the converter
on springs eliminated this, while the
abolition of the frame ground also
helped.

All speaker fields, which werc de-
signed for 100-v. d-c., were fed from
the distribution box at the radio so that
they were automatically switched off
with the radio.

Multiple Speakers

Another minor problem that prom-
ised to give trouble was the method of
splitting the output among the three
speaker circuits, cach being handled by
a separate volume control. The Arst
method tricd was to insert anm output
amplifier having a separate secondary
winding for each speaker circuit. This
however did naot give the quality desired.
The arrangement finally adopted con-
sisted of using the original speaker
input transformers removed from the
speakers and mounted on the amplifier.
The quality was then excellent, regard-
less of the position of the various vol-
ume controls. Packard No. 77 cable
was used for voice lines throughout.

provided is dividing the listener au-
dience inlo various selective groups,
with the radio program constituting the
“star” role of each group’s activities.

“There is no doubt,” he concludes,
“that such selective listening is adding
immeasurably to the potency of radio
as a dominating factor in the aesthetic,
cultural and educational life of our
American citizenship.”

A

WAGES PAID TO RADIO OPERA-
TORS ON GERMAN SHIPS

The monthly wuge paid to German
radio opcrators, as of January 1,
amounts to0 §8r.20 for ocean voyages.
The wage rate on vessels plying be-
tween German ports and ports of Great
Britian and Ireland are approximately
ten pur cent less than on acean voyages,
while the wage scale on vessels plying
betwcen German ports and those on
the Baltic and North Sea are approxi-
mately 20 per cent less than on long
runs. (Vice Consul Sabin J. Dalferes,
Hamburg, Germany, 4/16/31.)
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The properties

of insulators

By Epwaro LuproN, D.Sc.,, Ph.D.

HE various classes of insulating
materials arc as follows:

Salids.
Natural; Gums and resins, woaod,
marble, slate, asbestos, etc.
Manufactured: Paper, vulcanite,
glass, moulded compositions, porce-
lain, etc.
Plastics: India rubber, guila-percha,
pitch, waxes, ctc.

Liquads.
Solidified on application: Varnish,
shellac, paint, enamel, etc.

Gases.
Atmospheric air and some other

gases,
Desirable Properties

The desirable properties, electrically,

are:

. High resistivity.

. Small surfacc leakage.

Great disruptive strength.

Low power factor.

. Low dielectric hysteresis.

. Low diclectric absorption.

., Small temperature coefficient of
resistance.
h. Low dielectric constant (for
high frequency work),

The mechanical properties are obvi-
ous, and comprise great strength
(tensile, compressive and shearing),
non-hrittlencss, ease of working, etc.

Some of the requircments for electri-
cal uses will now be explained.

(a) High resistivity. Resistivity or
specific resistance is the reciprocal of
conductance, and so, as high conduct-
ance is necessary far the connecting
leads, low conductance is required for
the insulating materials. This applies
to both low and high frequencies.

(b) Swmall swrface leakage. In
most insulators the resistance of a solid
block of the material to current is {ar
higher than the resistance of a surface
of the material in contact with air.
This is because the surface in contact
with air is more or less moist, and at-
tracts dust and other canducting par-
ticles from the atmosphere.

A satisfactory insulator must there-
fore have a low surface leakage. The
case of moulded insulators is an illus-

e AN op

[t

tration. The gap betwcen the two metal
volts may be only about half an inch,
but the surface length from bolt to bolt
15 several inches.

The surface resistance is necessarily
dependent upon the condition of the air
in contact, and is low in humid air and
much higher in very dry wecather, For
Loth low and high frequencies the sur-
face leakage should be small,

(¢) Disruptive sitrength. The dis-
ruptive strength of a material is its
ability to withstand actual physical
breakdown caused by electrical means.
When a solid insulator has a potential
applied to it which is gradually in-
creased, the material will break down
at a certain voltage and be either
punctured or smashed,

(d) Power factor. The power
factor for a vacuum is zero, and for
atmospheric air is negligible. For
solids the power factor is not negligible,

(TR )

One of the most important
studies for radio work is
that of insulators.

0D 0

and as it leads to waste of power it
should be as low as possible. ’l'his is
especially important in condensers for
high frequency.

(e) Diclectric hysteresis,  Dielce-
trics other than air do not ucquire their
charged condition immediately a
potential is applied. The lag of the
resultant charge with the applied
potential is called dielectric hysteresis,
and is similar to magnetic hysteresis in
1on.

In common with power factor, it is
objectionable for hgh frequency in-
sulators and condensers.

(£) Dielectric absorption. A con-
denser with a dry air dielectric is prac-
tically perfect, as it has negligible
power factor and dielectric hysteresis
and a high disruptive strength,
Further, when it is discharged the
charge is neutralized immediately.
With other dielectrics the charge is not

RADIO ENGINEERING

all gotten rid of at once. If the con-
denser is shorted and then insulaled,
most of the charge will have been
neutralized, but on shorting again
after a minute or two another dis-
charge, smaller than Lhe first, will take
place. This is due to dielectric absorp-
tion, or soaking in of the charge. Simi-
larly, on charging for a long time the
condenser will acquire a greater quan-
tity of electricity than if it is charged
for an instant only. l'or air condensers
there is negligible absorption.

(g) Temperainre coefficient of re-
sistance.  Most conductars increase
their resistance with an increase of
temperature. An exception is carbon,
which decreases. Thus carbon is said
to possess 2 negative temperature co-
cfficient.  As some insulators are
organic they are similar to carbon in
having a negative coefficient, while
others are positive. If a resistance is
tested at two different temperatures the
resistance found ciach time will be
different, due to this cause.

(h) Dielectric constant. The di-
electric constant or specinc inductive
capacily of free air is considered as
unity, and all ollicrs are expressed in
terms of this. If an air condenser has
its air spaces filled with another di-
electric (e capacily of the condenser
will be increased. The ratio of the
capacity of the condenscr with the ma-
terial as dielectric to the capacity of the
same condenser with air as dielectric, is
called the dielectric constant of the ma-
terial, and will not vary from a given
sample of the substance under the same
conditions. For insulating work this
should be low, as at high frequency a
given capacity passes more current than
at low frequency. A panel made with
a material of dielectric constant of ten
will therefare have ten times the stray
capacity of one with a material of di-
electric constant unity. (Actually, only
air and some other gases have values
as low as 1.) For dielectrics in con-
densers the case is different, and the
size of a given condenser will be re-
duced by using a material of high di-
clectric constant. The material used,
must, however, satisfy the conditions in
the above list of properties as well, and
in general no one substance will satisfy
all the conditions.

Some values of the above constants
for different materials are now given.

Resistivity
Olims per
cubic-centimeter.
Mica, greater han L, .. ... 8.4 x 10V
icanite, greater than ..... .. 249.0 x 10™
Shellac, greater thaa......... +900.0 x 10*
Hard rubber, greater than. ....., . 2800.0 x 10"

Preafin wax, greater than, ....... 3.0 = 20
%uanz, greater than............., 1.2 x 10"
arble, greater tham... ....... ., 1.0 x10°

These are given as the resistance be-
tween oppasite faces of 2 cube of one-
centimeter sides, Actually, they are
measured with a different size, in which

1
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NOME LOUD SPEAKERS LOSE THE HIGH NOTES
THE NEW MAGNAVOX “140” SYMPHONIC
Ml LOW NOTES ARE LOST IN OTHERS SPEAKER HAS BECOME A SENSATION OVERNIGHT
—AND AN INSTANTANEOUS SUCCESS. NEVER
BEFORE HAS A SPEAKER OF SUCH SPLENDID VOICE
AND STURDY CONSTRUCTION BEEN AVAILABLE
AT SO ATTRACTIVE A PRICE.. .. MANY OF THE
BETTER SETS EXHIBITED AT THE TRADE SHOWS
FEATURE THE NEW MAGNAVOX. IT CAN NOW
NUT ONLY MAGNAVOX GIVES YOU FULL
SYMPHONIC TONE RANGE BE FURNISHED IN THREE MODELS: THE “140! WITH
SIX AND THREE-QUARTER-INCH CONE; THE 142"

WITH EIGHT AND ONE-QUARTER-INCH CONE; THE

“143"” WITH TEN AND ONE-QUARTER-INCH CONE.

SEE THE NEW MAGNAVOX
SYMPHONIC SPEAKER AND
THE NEW MERSHONS AT THE
R. M, A, TRADE SHOW AND
THE I. R. E. CONVENTION

Executive ond Sales Offices:
LS5 East Ohio St., Chicago, Il

Subsidiaries:
The: Magnavox Company
, Electro Formation, Inc.
Fuctories: Magnavox (Great Britsia) Lid.
Fort Wayne, Iad. Magnavox (Australie) Led.

Magravox SPEAKERS

THE PRODUCT TWENTY YEARS' PIONEER RESEARCH
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surface leakage is eliminated, Surface
leakage is not a constanl, and cannot be
tabulated.

Disruptive Strength

No figures are given for the disrup-
live strengths of various materials,
since these figures seem to vary to a
large extent with different samples,
particularly for the naturally occurring
insulating substances.

Power Factor

The power factor is less than 1 per
cent for the following: Dry paper,
paraffin wax, mica, hard rubber, india
rubber, and vulcanized india rubber.

It is less than 2 per cent for glass and
gutta-percha.

Dielectric Constants
Air, dry, at 760 min. pressure Unity

Hard rubber .............. 2.5— 3.5
Glass, light to very dense....06.5 -10
India rubber .............. 2.3 -3
MICH swsinicaimeiinessma 6.6— 8
Parafin wax ............. 1.9— 2.5
Shellac cvvvveiiiiinen .t 2.7— 3.7
QUATEZ 5. s sim s a0 5 76 4.5

Some of the insulating substances
have Dbeen omitted from these lists
where serious discrepancies exist be-
tween the published figures {for the
various constants.

BUENOS AIRES AN IMPORTANT
INTERNATIONAL COMMUNICA-
TION CENTER

Direct radiotelegraphic communica-
tion with Amsterdam, Holland, was
established by the Transradio Interna-
cional on February 2. This company
has secured a contract from the Dutch
authorities for the exploitation of the
system and will work the circuit in
conjunction with the direct services to
the United States, Great Britain,
France, Germany, Spain, Italy, Brazil,
Chile and Paraguay. Radio telephone
service between Australia and Argen-
tina, Uruguay and Chile was opened on
April 8, using the radiotelephone cir-
cuit which the International Telephone
and Telegraph Corporation operates, in
conjunction with the British Tlost
Office, between Buenos Aires and
Rugby, England, and the circuit operated
by the British Post Office at Rugby and
the Amalgamated Wireless Co. at
Sydney, Australia. In Buenos Aires
this circuit will connect with the lines
of the United River Plate Telephone
Co. which operates the most extensive
telephone system throughout the Argen-

Consideration of Some Insulators

Paraffin wax.—This is one af the
best insulators, when it can be used.
J%or research work where the minimum
leakage of current is essential, all the
insulation is of wax; hard rubber and
mica are far too low in their resistivi-
ties, both volume and surface.

Hard rubber. The best is a good in-
sulating material, the worst is very bad.
As made, it is usually coated with
finely-divided tin-foil, which is used in
its manufacture.

This gives a bright, shiny appear-
ance, which is often referred to as
“polish.”” The tinfoil makes its surface
conducting, and so if used like this the
leakage will be considerable, although
the actual insulation through the ma-
terial may be very high.

It is often stated that the matt-sur-
face hard rubber is the best for insula-
tion. This is not necessarily so, and
carrectly polished hard rubber is usu-
ally more satisfactory.

It should be noted that in all high-
class electrical instruments the hard
rubber is invariably polished,

This polished surface must not be
confused with the tinfoil surface which
is present when the hard rubber is
bought.

Mica and micanite. Mica is a
natural mineral and has good insulating
properties. It is liable to have conduct-
ing * veins running through it, which
somewhat reduce its value.

Mica is difficult t0 obtain in large

A A A

tine, and also connection will be made
with the modern international telephone
circuits which run under the River
Plate to Uruguay and across the Pampa
and over the Andes Mountains ta
Chile, this last forming the highest in-
ternational telephone line in the world.

Plans now rapidly approaching con-
clusion will bring the telephone services
of Bogota and Rio de Janeiro into
direct touch with local circuits. Two
new  wireless-telephone  transmitting
stations and two receiving stations are
now under construction at Bogota and
Santiaga, Chile, respectively, and equip-
ment for a new circuit is being in-
stalled in the stations at Hurlingham
and Platanos, near Buenos Aires. The
sending and receiving stations under
construction in Rio de Janeiro by the
Compania Radio International de
Brazil are being prepared to work with
those of the Compania Internacional de
Radio (Argentina) in Duenos Aires
and the Compania Internacional de
Radio (Espana) in Madrid, as well as
to provide direct service with the
United States. (Assistant Trade Com-
missioner Charles H. Ducote, Buenos
Aires, 2/13/31.)

RADIO ENGINEERING

sheets, and so for work requiring large
pieces micanite is used.

Mica easily laminates, aud a piece can
usually be split up into laminae of less
than a thousandth of an inch thick.

Construction of Micanite

To make micanite, mica is laminated
and the small pieces are stuck together
with hot shellac varnish, While the
micanite is hot it can be bent into vari-
ous shapes, and is often made into tubes
while hot, so that when cold a firm,
hard tube of insulating material results.

This process avoids the metallic veins
becoming troublesome, as they become
separated on lamination,

Wood. Hard, dry woods may often
be used even for radio work. It is
cssential to use dry wood, and the hard
woads are much more satisfactory than
soft,

Before use it is best to soak the
previously-warmed woed in molten
paraffin wax until bubbles cease to rise.
The wood, when cold, will then be of
high resistance, both volume and sur-
[ace, and will resist moisture on its
surface.

Marble and slate. These are used
very litlle in radio work, but in low-
tension elecirical engineering they are
invaluable.

To summarize, it is only necessary o
point out that for certain radio pur-
poses air is the best insulator, when
it can be used, owing to ifs negligible
power {actor, hysteresis, etc., and low
dielectric constant.

AUTOMOBILES DISTURB TRANS.-
OCEAN RADIO RECEIVERS

While horse drawn vehicles are
generally considered a relic of a less
scientific era, they have not merely
survived the obliterating movement of
a machine civilization, but are neces-
sary to its efhcient functioning, as a
means of transportation in the vicinity
of the commercial receiving stations,
where telephone calls from Europe and
South America are rerouted over the
telephone lines to subscribers in the
United States.

Interference causcd by automobile
ignition, which contributes no small
portion of the annoying background
noise of broadcast program reception,
cannot be tolerated in a commercial
telephone circuit, and there is a zone,
surrounding the Beli Telephone receiv-
ing stations at Netcong, New Jersey,
inside of which no automabiles are per-
mitted, other than official cars with
shielded ignition systems. These re-
ceiving points have even been located
away from airplane routes in an effort
to avoid background noise, and much of
the transportation at the station depends
on the horse and wagon.
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Accuracy in construction makes for accuracy in performance.

The watch-like precision so

characteristic of the CENTRALAB Volume Control is reflected in its smooth, noiseless, ACCURATE

performance.

Just as satisfactory service in a watch is the result of the perfection of its many parts . . . radio per-

formance is no less dependent upon the accuracy of its component units.

That more than twenty million radio receivers have been CENTRALAB eqmpped is a splendid testi-

monial to the watch-like precision with which it is built.

CENTRAL RADIO

LABORATO RIIZ S

The New CENTRALAB

Volume Control
with Off and On 8witch

More convealent than when
mopunted separately. Saves space,
savas essembly cost, saves In firat
cosl. Engineers: send your volume
control xgcv:mcuimu foc samples to
Central Radio Leboratories at Mil-
waukee, Wis.
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R. S. BURNAP

OBERT S. BURNAP, commercial
engineer, RCA Radiotron Company,
Inc., Harrison, N. J.,, graduated from
Massachusetts Institute of Technology,
in 1916, with the B.S. degrce in electri-
cal emgincering.
Since graduvation Mr. Burnap has

R. S. BURNAP

Cammercial Englnesr, RCA Radio-
tren Co., Inc.

been continuously identified with re-
search and development of electric
lamps and vacuum tubes. During the
wac he was in U, S. Signal Corps serv-
ice al Camp Vail, N. |. He was for
fourteen years connected with the Edi-
son Lamp Works of the General Elec-
tric Company, a year ago becoming
commercial engineer for RCA Radio-
tron Co., Iuc.

Mr. Burnap is a Member of the
ATEE., and of tlie SMP.E. He is
an Associate of the L.R.E. and of the
1LES.

He has been granted patenls covering
various inventions, particularly the de-
sign of projection type lamps.

Mr. Burnap is 2 <iligent student of
the literature of radio and of photog-
raphy. Ile possesses a fine collection
of works on these subjects.

A
DATES FOR NATIONAL RADIO
WEEK SET

National Radio Week for 1931 hbas
been definilely set as th: week of
September 215t to 27t:, which coincides
with the dates of the Radio World’s
Fair in New York. It will be recailed
that last ycar thirty-five cities observed
the event, thirty-uwo cliin programs

were dedicated to radio, and over two
hundred broadcasling stations carried
announcements celebrating radio’s 10th
Lirthday The executive offices of the
N.F.R.A. have already started on plans
for making Natienal Radio Week a
nmore elaborate evenl this year than
ever before, [‘urther details for the
observance of the event will be given
out at a laler date.

A

RADIO TALKIES NEARLY READY
FOR THE HOME

ITITIN the next few wecks, tele-

vision will likely pass from the
purely engineering state to the nascent
showmanship state.  With the inaugu-
ration of the first radio talkies studio
in New York City, artists and speakers
will be sorn as well as heard by tbe
radio audience in homes provided with
a television receiver in addinon to the
usual broadcast receiver. The pro-
grams will be of such varicd and enter-
taining character as to provide fresh
radio thrills to those who can look i
as well as listen in.

Radio talkies, or combined sight and
sound prograius, are made possible by
cowbining the telcvision facilitics of
the Jenkins Television Station W2XCR,
located on Fifth Avenue, New York,

If of copper, not less than 14 gage.
or an APPROYED splicing device may be used.

used this must be APPROVED.

R B

device.
be rubber covered.

Lightning Arrester

O T O OO e e TSRO AT TN R LA DA AR
ESSENTIALS OF NATIONAL ELECTRIC CODE APPLIED TO RADIO

Antenna and Counterpoise

Passible contact, by swinging or sagging,
with light or power wires must be avoided.

Lead-in

If copper, size not less than 14 gage.
less than 17 gage. Atutachments must be such that contact with light or
power wires Is avoided. If leud-in strip is used this must be an APPROVED
The lead-in conductor from building enteance to receiver must

RADIO ENGINEERING

with the sound broadcasting facilities
of station WGRS located in Astoria,
1.. I. The television transmilter, with
an outpul of 5,000 watls, operates on
2035 kilocycles aor 147.5 melers, while
the WGBS transmitter operates on
118& kilocyeles or 254 meters. The
signals of the former may be tuned in
by means of a special television re-
cciver with radiovisor, for the pictorial
component of the program. Tuning
the broadcasl receiver lo 254 meters
provides the synchronized sound com-
ponent The visual and aural combina-
tion is practically the same idea as the
present-day talkies contrasted with the
former silent pictures.

The radio talkies studio, m the same
huilding as the television (ransmitter, is
not unlike tlte usval broadcasting snidio
with draperies and other accustic tréat-
ment. However, in addition fto micro-
phoaes, the performer faces a sweeping
beam of light which scans or analyzes
the image to be transmitted. The beam
sweeps the subject in Go parallel lines
at the rate of 20 times or frames per
second. The reflected light from the
miage is picked up by a battery of
photoelectric or  light-sensitive cells,
sometimes referred 10 as electric eyes,
which translate the varying amount of
light iulo corresponding electrical
terms amphfied millions ol times.

TREFERTERERLATCRRE ML e

1

| (CHTETEEREIEIEIE

Splices or joints must be seldered,
If light socket antenna

(R ARIET

If copper-clad steel, size not

(PP R P M TR e

TN

E Each lead-in conductor must be protected by an APPROVED lightning

A

Arraster Ground Contact
Conductor from arresler to ground contact must be not smaller than
No. 14 gage, if of copper. Conductance per unit length must be not less
than that of the lead-in, Must run in as nearly a straight line as possible

(TN

arrester, which on "test will operale at 500 volis or less.
outside building must he placed as near as possible to point of entrance.
I inside, may be mounted at a poinlt between entrance und receiver.

If mounted

(N R U A A

from arrester to ground. Ground way be 10 a water pipe (cold) where

in service and connected to sirect mains. May be made 10 steel frame of
building or to a galvanized pipe or rod driven into permanently damp
Protective grounding conductor if run inside building must be
well secured in place and must not be closer than 2 inches to an electric
light or power wire not in conduil, unless separated by a continuous,
firmly fixed non-conductor, such as porcelain tubing or flexible tubing.
An APPROVYED ground clamp must be used where ground wire is attached

earth.

lo pipe or rod.
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SHAKE
Every

Twisted
Tooth

Forms a

1ype l; Tatermal Type 20
",

or
oAb and Standard  For Standard Bolts
¢ \ Maihine Neretes

Now Virk Cley

e
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eparate

ock

HE tremendous holding power

of the Shakeproof Lock
Washer is due to its patented mul-
tiple locking design. Each twisted
tooth acts individually and bites
into both the nut and work surface—
scrting up a powerful resisting force that
positively prevents any movement of the
nut. Then, realize that this force is mul-
tiplied from ten to sixteen times—de-
pending on the number of teeth in the
washer —and you can understand why
Shakeproof is so far superior to any other
locking method.

1,782,387
Other parenes pending.
Poreign pateots.

SHAKEPROOF
Lock Washer Company

{ Division of Illinois Tool Works}

PROOF

F)
& xm‘a

£

11114 A
144

You can’t save money by buying inferior
lock washers. They are the greatest cause
of poor performance, which means ex-
pensive service charges and dissarisfied
customers. Give your product the bene-
fit of Shakeproof protection — mail the
coupon for trial samples, today!

“Rt's the L
Twisted
Teeth
that LOCK™

2509 N. Keeler Avenue, Chicago, Il

Type 1 1. External
For all Countersunk

and Nuts Scretws

Shakeproof vepresemtatives are locased in the following cities

Phitadelphia Boston  Pittsburgh  Schenectady
Toledo Cincinnaci Birmingham, Ala.  Dallas, Texas
Scatile Sap Francisco

Type15. Countersunk Locking Terminals
For Radio and
Electrical Work

Toronto, Ontario, Canada By

COUPON

Gentlemen: We want to test your Shakeproof Lock
Washers. Kindly send us samples as indicated.

Type.... s SizE cem
T)-pe Size
Firm Name i -
Addreis... R —
Cleveland Cltyisssinsinis RS TS A e R Stale
Milwaukee
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Design notes on beat
_Frequency oscillators

By GEORGE A. BRUESKE

R

For factory and service radio laboratories the beat
frequency oscillator herein described will be found of
real use.

HI. beat frequency oscillator is to

be found in many radio labora-

tories for the gencration of aundio-

frequency or low r-f. voltages, It
has particular advantages where a wide
frequency band is to be covered rapidly
with but one control. Also, the absence
of large inductances or capacities in its
construction, as well as the independ-
ence of the generated frequency on the
output load, has done much to bring 1t
in favor for many purposes. Tor those
who have occasion to design such an
ascillator the following design pro-
ceclure may be found useful.

The typical beat {requency oscillator
consists of two radio-frequency oscil-
lators, a detectar, and, usually, an am-
plifier to increase the output of the de-
tector to a useful level. TFig. 1 rep-
resents such an oscillator. The two
frequencies generated by the radio-fre-
quency oscillalors are caused to hetero-
dyne each other in the grid circuit of
the detector tube, the resulting beat
note being the frequency desired in the
output. The beal frequency will be the
frequency difference between these two
radio frequencies, The frequency of
one of the oscillators is made variable
to produce the particular freguency dif-
fercnce required with the ofher oseil-
lator. 1t is the design of this variablz
oscillator which concerns us here.

The frequency of this r-f. oscillator
will, af course, be determined by the
inductance and the capacily in the tuned
circuit, shown in I'ig. 2. This consists
of a fixed inductance L, a variable
capacity C,, and a fixed capacity C,
which also includes stray capacities
such as that of the associated tube, the

A

minimum capacity of (. wiring ca-
pacity, ete. Changing the capacity of
the variable condenser from zero to
maximum will shift the frequency of
the oscillator over its entire operating
range, and, hence, the output beat fre-
quency will shift accordingly. It is
uvsual to make the frequency of the
variable ascillator equal to that of the
fixed oscillator at one aor the other ex-
rremes of its frequency range. The
output or heat frequency will then be
Zero

It is necessary before procecding to
decide on the frcquency range of the
r-I. oscillators, and to choose the vari-
able capacity C,. The value of L and
C, remains to be computed.

Wilh C, at zero (when condenscr
plates arc all out) the frequency of the
tuned circuit in I'ig. 2 will be deter-
mined by L and C, alone. The
oscillator {requency will then be at its
highest value, which may be computed
by the folowing:

_K -

VLG,

in which K is a constant, the value of
which depends on the units in which L
and C and f are expressed.

By squaring both sides of the equa-
tion,

f)=_

K2
Bt
f,2 - e (1)
and by transposing:
. Kz
w C| '—=E; = A (2)

However, with C; at its maximum
vaiue, the lowest frequency, f, will he
gencerated, The total capacity in the
tuned Circuit will now be C, 4~ C.. As

VARIABLE | | Ml iy
0SCILLATOR
DETECTCR O©OR " AUDIO ‘—'SCFU Flg. 1. Beat fre-
FRCQUENCY AMPUFIER | GBrbur quency ascillator,
CHANGER ! schematic.
FIXED | ———
QSCQ\EATOR MG TR R

RADIO ENGINEERING

the inductance will remain unchanged
as in the equation (1):
_ K

YL (Ci+ Gy
By squaring both sides of the equation
as before, and by multiplying C, 4 Ca
by L:

fa?

fz

K2
TLGHLG
and by transposing:

Kz
LG+LG =f =3B (3)

By comparing equations (2) and (3),
it is apparent that the difference be-
tween them is that the latter has the
term L C, whilc the @rst has not. So
il equation (2) is subtracted {rom
equation (3) the remainder will be the
quantity L. C;. By carrying out this
subtraction;

LG + LG —(LCy= (5 - (K“)

[ f"z

;- B— A

or simply ;

LG=B—A
Then dividing both sides of the equa-
tion by C, the inductance L can be
determined.

r=E24 @
where the values of A and B arc deter-
mined from the equations (z) and (3).

L]
T T

Flg. 2. Tuned circult af esclilatar.

C, can now be readily found by (rans-
posing equation (1) to the form

Ki
and by using the value for L deter-
mined by equation (4).

For a numerical example, suppose it
is required to design a beat frequency
oscillator to cover the band of zero to
10,000 cycles. The frequency band
chosen for the variable oscillator is to
run from 100 to 110 kilocycles. The
condenser for C; available is of 250 puf
capacily. The value of K will be
159,140 where f is given in kilacycles,
L in microhenries, and C in micro-
microfarads. Substituting 110 k¢ and
the value of K in equation (2),

A = 2,090,000
and similarily, as the value of [, is 100
kc; from equation (3),

B = 2,530,000
Then, from equation (4):

2,530,000 — 2,090,000
L e e —
xh 250 1,760
Also, from equation (3):
1 .
Cupt= 159,1407 =1,270

110%* X 1,760
Tt it is desired to use the same size
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- ' E Your entire set developed up to the . 1
(;\2) 1 ' | colls: -then comes that problem- but
! don’t worry about it—put it up to us- -
| . . . .
! we’ll give you the right coil solution.
] 'l give you the right coil sol
qua- I i That’s our specialty.
be .
‘ ' ' Our laboratory, under direct
W . charge of My, Wm. P. Lear, well
cer- ’ ~em known throughout the radio engi-
(3). g " neering field, has successfully de-
] | signed coils for every type of radio.
) | ' In addition to designing the right coil,
we make, at your request, suggestions i
for improvements in your set. Inreturn g
for your coil business we will assist in i
— designing a set for you or in re-design- :
i Id set. ;
ane g your o t
We originated the first miniature type
(5) | of bank-wound inductance. We also
eter - ] did the original thinking and de-
" | veloping on Litz wire, as applied
Seic‘y to modern radio.
0 to
!)and Owr laboratory has a fund of wvaluable
s to radio information. Doi’t Lesitate to bring
The your cotl and set problem lo us.
e f
| be (AT
cles, ”
icro- s
and
| Radio Coil and Wire Corp.
100 y 847 West Hatrison Street '
» CHICAGO, ILLINOIS

For engineering information write

LEAR, WUERFEL, Inc. “reel iz 2

260 : Exclusive Sales Engineers : e yligs o

» 847 West Harrison Strest
Chicaga, llinois
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of coil {or the fixed oscillator, then
this oscillator is also designed, L. being
1,760, ph and the total tuning capacily
beinyg either 1,220 or 1,470 ppi, depend-
ing upon which of the two extreme
frequencies of the variable oscillator it
is desired to match for zero beat.

It is good practice to make both
oscillators as mnear alike as possible.
Any changes in A or B voltages or
other circuit conditions which would
tend to change the frequency, will aflect
both oscillators alike and tend to main-
tain the beat note unaltered.

The frequencies chosen for the radio
oscillators should he sufficiently high to
permit these frequencies to.be readily
kept out of the audio frequency amph-
fiers,  Using the customary plate cir-
cwit by-pass condenser and with pos-
sibly a radio-frequency choke in the
plate lead of the detector tube is usually
all that is uecessary for filtering. While
a stage or two of audio frequency
generally stops all r-f. in the oulpul,
v-1, often overloads the grid on the
hirst stage tube, and is 2 well known
cause of audio-frequency distortion in
Uie amplifier, especally if it is re-
sistance coupled with conventional grid
condenser and leak,

"Pulling Together'" Obyiated

Contrary (o the above, the radio fre-
quencies should be as low as possihle
to prevent the two oscillators from
‘pulling” together at low beat fre-
quencies. It is common knowledge
that as the frequencies of the two
oscillators, which are move or less
coupled to one another, approach the
same value; one of the oscillators will
suddenly jump into synchronism with
the other, the frequency being no longer
under exact contro) of its own tuned
circuit. The frequency difference at
which thds jump occurs will depend on
the degree of coupling and on the rela-
tive frequencies—the lower the fre-
quency, the smaller the difference in
frequency may Dbe hefore the shift
occurs.

A compromise between the two fore-
going conditions 1s necessary in a prac-
tical design, «nd a choice of {requency

VARIABLE
R.T.
OSCILLATOR

SHIELD -,

i ,.-__--l...-__I_ -

e ) (SU—

FIRED
R.F.
OSCILLATOR

- ————]
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VARIABLE
R.F
QSCILLATOR

FIXED
R.F,
0SCILLATOR

VARIABLE
R.F.

OSCILLATOR

FIXED
R.F.
OSCILLATOR

-B- == L

Fip. % Showing serles circuit be-
tween osciflator and detector.

Fig. 3. Methods of coupling for detector feed.

will depend on what beat frequencies
are desired, and how close zero beat 1s
to be approached. For an oscillator to
generate frequencies between about 30
and 10,000 cycles per second, [re-
quencies for the r-f. oscillators may be
between 50 and 150 ke, and give satis-
factory performance.

One way to eliminate “pulling” at
the expense of simplicity, is to clec-
irically isolate each oscillator by shield-
ing and by providing a screen-grid
radie frequency “buffer” slage hetween
each vsallator and the detccror.  Tlow-
ever, il troullc is experienced in a
conventional siy:e oscillator, the coup-
ling to the detector can usually he
su'ficicntly rednuced 1o generale as low
i beal froquency as is requived (or the
majority ol uses, and still give sufbcient
oulput.

Stable Frequency Desirable

The osciilators should be designed
lo generate as stable a frequency as
possible, since a small percentage
change in the radio frequency of ecither
oscillator produces a much larger
change in the beat frequency. This is
another reason for the use of relatively
low frequencies. Because of \he large
capacities required in the tuned circuit
of low radio-frequency oscillators, tube
and olher stray capacitics become of
minor importance. A high ratio of
capacity to inductance in the tuned cir-
cuit should be employed for the same
reason.

Various styles of coupling may be
used to feed the detector with the
volltages of the two r-f. oscillators.
The arrangement at Fig. 3-A is the
common method. The two detector
coils are of but a small number of turns
su that the mutual coupling between
the two oscillators shall be small. At
Fig. 3-B, is a unique arrangement that
was used on a Western Electric super-
heterodyne some years aga. The author
has used this to good advantage on
beat frequency oscillators, its simplicity
being its chief merit. Here the r-f. in
the grid leak permits the discharge of
the grid condenser on but one half of
the cycle.

Where the output must he free from
harmonics, one should take various pre-

cautions to produce a pure waveform.
The oscillator tubes should not be over-
loaded with high plate voltage, as
harmonics preSent in the radio fre-
quencies will produce corresponding
harmonics in the output.

Harmonics may further be reduced
by filtering the outputs of each r-f.
oscillator before they are fed to the
detector. A simple series circuit, as
shown in Iig. 4, inserted between the
oscillator and detector will tend to sup-
press the harmonics and allow only the
fundamental to pass. The tuned fiter
may also be made a part of the screen-
grid “buffer” stage referred to. 1t is,
of course, desirable fto gang the
oscillator and filter condensers.

The ganged circuits should be care-
fully matched in frequency at all points
of the dial. Lack of alignmenl will
cause erratic varialion of the output
valtage. Conversely, lack of uniformity
of the output voltage due to other
causes can be compensated for by de-
luning the fAlter circuit slightly at (he
proper points on the dial.

IFor ordinary uses to which a beal
frequency oscillaior may be put, (he
claborations listed above would hardly
bc necessary nor economical. A simple
arrangement as outlined Fig. 1, un-
shielded, will mcct 9o per cent of the
needs in a factory or service laboratory,
and certainly is wcell worth (he time
expended on its construction.

A

BOOK REVIEW

LEFAX RADIO RECEIVING
TUBE DATA. Published by LEFAX,
(Inc.), 9th & Sansom Sts., Philadel-
phia, I'a,, 3z pages, with durable cover.
$1.00 complete,

What type radio tube to use—how
much its volume should be-——and similar
quick-facts are found in this new 32-
page, loose-leaf, pockel-size, baoklet on
radio receiving tubes.

Lefar Radio Receiving Tube Dato
presents over eighty graphs, giving
static and dynamic characteristics of
all types of vacuum receiving tubes.
It also has an interesting discussion of
the new power pentode and variable-
mu tubes, as well as tabulated data on
seventeen additional special type tubes,
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More Accurate Direct Measurement
of Mutual Conductance

An instrument that makes more sensitive
and more accurate direct measurement of
vacuum tube mutual conductance has been
developed by the Jewell laboratories.

This equipment is adaptable to wide appli-
cation in either laboratory or preduction
testing, the indicating instrument being a
high torque rugged direct current instru-
ment of standard design. In conjunction
with Jewell Instrument Relays, rejection or
acceptance of tubes may be done by auto-
matic machinery.

Previous methods of direct measurement
of mutual conductance usually gave results
which were of necessity modified by the
relatively heavy plate circuit load in the
tube under test. The Jewell Synchronous
Commutator Method increases the plate
impedance less than 19, giving a true
reading of this most important tube char-
acteristic under any and all conditions, and
regardless of the mu of the tube.

Normal operating potentials are applied to
the tube under test, assuring the utmost
accuracy for the measurements. Variable-
mu tubes may be tested at a series of con-
trol grid potentials over their entire working
range.

= An engmeermg data sheet comple'rely
describing the "'Synchronous Commutator”
method and Jewell equipment for applying
it to your needs, has been prepared. Write
tor it today.

Visit Booth & at the |.R.E. Convention in the Hote!
Sherman, and Booth B-74 in the Stevens Ballroom
at the R.M.A. Show. The complete Jewell line of
electrical measuring instruments will be on display.

Jewell Electrical Instrument Co.
1642-P Walnut St., Chicago, Il

|
31 YE/\RS MAKING GOOD ]NSTRUMENTS :
|
I Please send me engineering bulletin
ll Ne. 10.
i
{
I
[

Name..... . ... ... .. ... ...

Address........ ..
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| RE Convention

At Chicago

JIE Sixth Annual Convention of
the Institute of Radio Engineers
T will be held in Chicago, June
3-6, inclusive.  Although the
Institute had been holding monthly
weelings in New York and in several
section headquarters cities since the
your 1012, it was not until 1925 that
it was decided to hold a general con-
vention. The first convention was
held in New York, January 13-19,
1926. Since that time the annual and
regional conventions held have been
notable successes.
The program for the Chicago Con-
vention this year follows:

Wednesday, June 3
Registration

Thursday, June 4

Rogistration and inspection of exhibits.

Opening session. Addresses of wel-
come by Ray 1{. Manson, president
of the Institute, and Byron B. Min-
nium, chairman of the Chicago sec-
tion and chairman of the convention
cammiltee.

Technical Session. “The ‘Spokesman’
for the Radio Engineer,” by Captain
S. C. Hooper, U. S. Navy.

“Thyratron,” by J. C. Warner, General
Electric Company.

“Music in Colors,” by E. B. Patterson,
RCA Radiotron.

“Awmplitude, Phase and Frequency
Modulation,” by Hans Roder, General
Electric Company.

Officia! luncheon. Address by Colonel
Ishan Randolph, president of the As-
sociation of Commerce of Chicago.

Inspoction of exhibits.

Trip No. 1. To Grigsby-Grunow Com-
pany and Stewart-Warner Corpora-
lion.

Technical Session. “The Saxonburg
Radio Station,” by Frank Conrad
and R. L. Davis, Westinghouse Elec-
tric and Manufacturing Company.

“Field Strength Measurements and
Broadcast Coverage,” by C. M.
Jansky, Jr., Jansky and Bailey.

“Developments in Common Frequency
Broadcasting,” by G. D. Gillett, Bell
Telephone Laboratories.

“New Method of Frequency Control
Employing a Long Line,” by C. W.
Hansell, J. L. Finch and Mr. Conklin,
RCA Communications.

“Some Observations of the Behavior of
Farth Currents and Their Correla-
tion with Magnetic Disturbances and
Radia Transmission,” by Isabel S.
Benis, American Telephone and Tele-
graph Company.

Trip No, 2. Shopping trip for ladies.

Inspection of exhibits.

Trip No. 3.
promenade.

Trip No. & American Telephone and
Telegraph Company and Illinois Bell
‘['clephone Company.

Trip No. 5. National Broadcasting
Company studios.

Lecture on “Modern Conception of the
Electron,” by Professor A. H. Comp-
ton of the University of Chicago.

Theatre party for ladies.

Inspection of Ryerson Laboratory of
the University of Chicago.

Ladies’ tea and fashion

A A A

RADIO ENGINEERING

Annual meeting of the Commiltee on
Sections at the University of
Chicago.

Friday, June 5

Inspection of exlubits.

Technical Session.  “Techmique  of
Loudspeaker Sound Measurements,”
by Stuwart Lallantine, Boonton Re-
search Corporation.

“Acoustic I’roblems of Sound Picture
Engineering,” by W. A. MacNair,
Bell Telephone I.aboratories,

“Rochelle Salt Crystals as Electrical
Reproducers and Microphones,” by
C. B. Sawycr, Brush Laboratories.

“High Audio Output from Relatively
Small Tubes,” by L. E, Barton, RCA
Radiotron. '

Trip No. 6. Ladies’ sight-seeing tour.

Inspection af exhibits.

Trip No. 7. Hawthorne Works of the
Western Electric Company.

Trip No. 8. Luncheon and bridge for
ladies.

Inspection of exhibits.

Banquet, enlertainment and dancing.

Saturday, June 6

Trip No. 9. lLadies’ trip to Art In-
stitute, Field Museum, or Aquarium.

Technical Session.  “Constant  I're-
quency Oscillatars,” by F. B. Llewel-
tyn, Bell Telephone Laboratories.

“Electron Tubes as High Frequency
Alternators,” by E. D. McArthur and
J7. E. Spitzer, General Electric Com-
pany.

"Development of Direclive Transmit-
ting Antennas for Short Wave
Transmission,” by P. S Carter,
C. W. Hansell and N. Lindenblad,
RCA Communications.

“Development of Short Wave Directive
Antennas,” by E. Bruce and H. T.
Friis, Bell Telephone I.aboratories.

Inspection af exhibits.

Trip No. 10. Riverbank Laboratories
(ladies invited).

An Irish correspondent of 2XAF, whe is inferestad in the sponsored
programs of the United States reported that he tuned out an "Uncle
Abe and David" Erogram in disgust recently because, as he thought,

it was sponsored

y a tombstone company. A severe attack of influ-

enza had left him too weak fo appreciate selling arguments for tomb-

stones.

Uncle Abe and David

ans will recall David's sirenuous cam-

paign to sell six tombstones at reduced prices to get one for nothing.

A

A Woelshman of perfect candor writing W 2XAF opened his loetter with the arresting
statemant: '"'I'm not really keen on you Yankees as a nation but must admit your wire-

less programs are the goods.”

After expressing a decided preference for the commer-

cially sponsored program over the offerings of the British Broadcasting Corporation he
added "“And the irony of it is that | must pay ten shillings to my government to hear

Yankee programs.”
ten shillings.

Owners of radio receivers in England must pay an annual tex of

A Soestadand

e
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eliminate
of variarion of resistance
values in all tem/oeratums

Open circuits are avoided when you
use ERIE RESISTORS because of the
""one piece'" construction which
totally eliminates the possibility of
variation in resistance values—in all
temperatures,

Since neither heat nor cold affects
ERIE RESISTCRS they consistently
do their part in delivering perfect
performance to users of your prod-
ucts. ERIE RESISTORS are favor-
ably known among radio engineers
because of their justly earned repu-
tation for passing every test.

We will gladly send you samples,
prices and any desired information.

Erie Resistor Corporation. Erie, Pa.
In the Center of the Rodi [ndLsfny
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RIF RISNINTORS

Here 1s an
achievement!

T'he perfection by our engineers
of our now No. 20 Series Wire-
Wound Volume Controls to a
degree thatpractically eliminates
all noise in operation, is a dis-
tinct Frost-Radio achievement.
Many months of research and
ceaseless endcavor are back of
this new type nciselcss unit. Tts
construction embodies a new
principle of design, the use of the
finest materials available, and an
extremely high standard of ac-
curacy in manufacture, which
had the courage 1o reject previous
precision attainments and recog-
nize that accuracy within limits
of tenths of thousandths of an
inch was not only possible, but
well worthy of accomplishment
. Unqucstionably the
year’s highest achievement
in the volume control

CHICAGO TELEPHONI
SUPPLY CO.
Hlersert H. Frosy, Inc, Soles Division
GENERAL OFFICES AND PLANT
EILLKHART, INDJANA

FROST-RADIO




SELF-TAPPING SCREWS

A booklet with the above title has becn
issued by the Parker-Kalon Corporation,
100 Varick Street, New York.

Bue little information of the kind found
in this bookletr has been available: Although
il features the security of metailic fasten-
inws 1made with Parker-Kalon hardened self-
tapping screws, il also contains considerable
unbiased information on the holding power
of other fastening devices; and should be
belpful and interesting o any design or
production man who is concerned with
metal assembly.

The booklet will be sent [rec of cost to
any design or production man who requests
it and gives the name of his company and
his title,

A

5. M. KINTNER ELECTED WESTING-
HOUSE VICE-PRESIDENT

S, M. Kintner, who has been assistant
vice-president of the VWestinghouse Electric
and Manuwfacturing Company, was elected
vice-president in charge of engineering for
that company at a recent meeting of the
board of directors. He succeeds W. S.
Rugg, who has been elected vice-president
in charge of sales.

In 18¢4 Dr. Kintner was graduated from
Purduve University, where he studied electri-
cal cnginecering. After spending a year on
telephone construction and operation, he ac-
cepted the position as assistant to Professor
Fessenden at the Western Unpiversity of
Pennsylvania, (now the University of Pitts-
burgh) which he held for two and a half
years. He then was made assistant profes-
sor of mathematics and later professor of
engineering, succeeding Professor [es-
senden. While at the Western University ol
Pennsylvania, he worked with Fessenden on
many investigations on Hertz waves, X-rays,
and other phenomena comiag inte promin-
ence at that time. He remained professor
of engineering for three years, and re-
signeqd in the summer of 1903 to accept
a position in 1the research department of

R S. M. KINTNER
Vice.-Pregident Westinghouse Electrie
& Mfg. Campany

the Westinghouse Electric and Manufactur-
ing Comipany.

After four years of study in couneciion
with high icngion phenomena, a-c. c¢lec-
trolysis, telephone interference, and motor
flashing troubles, he was made design en-
inger in charge of a-c. railway motor
esign.

In 1911 he resigned from the Westing-
house Comnpany to accept the position of
general manager of the National Signalling
Company, and became engaged in develop-
ing the radio inventions of Fessenden.
Later he became vice-president and fnally
president of that organization, During the
war the company with which Dr. Kintner
was associated made a large amount of
radio apparatus for the Navy and Signal
Corps.

Following the war, he negotiated a sale
10 the Westinghouse Company of the patemt
rights of his company. After spending ap-
proximately two years with the Westinghouse
Company in radio development, he was ap-
pointed manager of the rescarch depart-
ment.  On April 16, 1930, he was clected
assistant vice-president in charge of the
engineering activities of the company.

A
UNITED SCIENTIFIC LABS. IN
LARGER QUARTERS

The United Scientific  T.aboratories,
wanufacturers of Type SG shielded cou-
densers, Type BT armored condensers and
Type CC compensating condensers =xn:
nounce the removal of their plant to sro-i®
Sixth  Avenue, New York City. The
United Scientific Laboratories will occupy
30,000 square feet of space at theic new
address.

A

LACQUER MATERIALS USED BY
RADIO MANUFACTURERS

The proper selection of fnishing materials
for radio parts is imporiant and is now
given more attention than ever before.
Lower costs of manufacture play a larze
part in meeting the competition of today.
With these two factors in mind, the Maas
& Waldstein Company, 438 Riverside Ave.,
Newark, N. J., have developed over a period
of years a number of lacquers and cements
specially designed for radio manufacturers.

In instances where the base is cadmium
plated, stains and finger marks are com-
monly found unless protected with lacquer.
They may be sprayed or dipped. The
forer has the advantage of counfining the
spr:iy coat of cadmium lacquer to the parls
weeding protection but leaving any contact
surfaces bare. Dipping intwo water dip lac-
quer finds favor on account of its low cost
of handling as parts may be dipped directly
from the plating baths, while wet, ino the
lacquer and then air dried in ] few minutes
ready to be handled in the assembly line.
Soldering may be done threugh the water
dip lacquer coafing without difficulty.
Where an opaque decorative finish is de-
sired, mahogany prismlac gives a crystal
structure finish which obliterates drawing
marks, spot welds or other metal defects in
one spray coat,

The smaller metal stampings are com-
monly finished in the same manner as the
chassis base. In some instances a clear
lacquer or a bronze lacquer cantaining
bronze powder is used.

Use of the proper lacquer and cement
materials on the vilal pa=ts of the speaker
are of importance, 1f the cone paper is to
be lacquered to prevent varnations in tone,
a minimum of weight coupled with maxi-

RADIO ENGINEERING

mum  waterproofing qualities and proper
stifiness must be imparted 10 the paper.

Walerproof paper lacquer is best applied
by spraying.

The paper, leather or cardbeard joints
are firmly held together by means of a quick
seuing cement. This is accomplished either
at roain temperature by means of cold clamps
or in hot presses 1o obtain a faster oper-
tion. The cemeoted jeint nmust not be
affected by high lsmidity or result in de-
terioration from any other cause. Many
cementing operations now done by hand
nay be accomplished by comparatively sim-
ple machines at considerable saving in cost.

Cementing of metal or bakelite parts is
often found difficult but may be done
through selection of a cement designed for
the purpose.

The voice coil wires require a cement
that will add as little weight as possible
and yet bind the wires permanently tagether
and to the core so as to leave a clean ap-
pearance,

The metal speaker frame, if cadminm
plated, may be finished in water dip lacquer
or clse in an opaque dipping lacquer enamel.

Like the voice coils, r-f. coils must have
protection against corrosion and moisture.
An insulating lacquer, either clear or black,
of high dielectric strength is applied by
dipping.

IF'or wood cabinets, after staining and
filling the wood, a clear sanding sealer
followed by a coat of flat wood lacquer
is generally uwsed., Both materials require
high solids so as to obtain the desired
depth of finish and covering, together with
proper clarity of Alm and durability.

A

KAHLE SELLS LAMPS AND TUBE
MACHINERY

The Kahle Engineering Company an-
niounees that it has opened ollices and a
wurchouse at  s48-39th  St, Union City,
N. J., 1o do business in machinery equip-
ment, and raw materials used in the manu-
(acture of radio tubes, ineandescent Jamps,
ncon lamps, and other vacuwn products.

l.. C. Kahle, the head of the concern, is a
pioneer engincer in the indusiry. Mr. Kahle
has occ_u{ncd important engincering posi-
tions with the Westinghouse Lamp Com-
pany, Independent Lamp and Wire Com-
pany, the Crystolite Mfg. Company, David
Grimes, Inc., Pilot Radia Company, and
others,

He has designed and buill many of the
machines which arc in use today for the
manufaclure of lamps and tubes,

Associated with Mr. Kahle is Jac. Holten-
stein, formerly president of the Magnatran
Corporation. nn£ later director of the Na-
tional Union Radie Corporation, which
acquired Lhe former concera.

Mr. Hohenstein was forimerly a lamp
manufacturer, and is a pioneer in the radio
tube industry.

The Kahle Engineering Company is en-
gaged in the business of buying and sciling
machinery, jigs, tools. dies, and other zc-
cessories of lamp and fube manufaclure, as
well as raw materials.

A

REPLACEMENT RESISTORS AND
YOLUME CONTRQOLS

Electrad, Inc., 175 Varick Street, New
York, has issued a new reference card cov-
erine the Eleetrad line of replaceiucnt
volume controls and resistors. The resistor
requirements of 343 different radio receivers
are shown. Copies of this valuable {older
may be procured upon request.
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STENODE
TUBES

Until the American Tube Manufacturers licensed
by the Stenode Corporation of America ore in
sulficient production, we can supply the rapidly
growing demand of laboratories and serious
investigators for:

QUARTZ CRYSTALS

Suitably Mounted in Tube Form
To Fit Standard Tube Sockets

These ctystals are all approved by our own labora-
tary after actual tests in o standard Stenode de-
veloped under the patents of Dr. Jomes A.Robinson,
MB.E., DSc., PhD., MILEE., F.Inst.P., and
former Chief of Wireless Research, British Royal
Air Force, by the engineers of the Stenode Cor-
porotion of Amertica.

All crystals are graund to respond to a frequency
of 175 kilocycles, which is the frequency accepted
as standard in all modem superheterodynes, and are
mounted in vacuum tube form.

STENODE Standard U X PRICE
TUBES Socket Buse /515,00

‘ 2If it Isn’t o STENODE it isn't a modern receiver.””

Stenode Corp. of Americe

(Formetly Amecican Radlostal Corp.)
Hempstead Gardens. Long Island, N. Y.

Heapsieod Gardens, Long lsl‘und‘ N. VY.
Enclosed find [ Personal Chez,.,, 73 P. O. or U Express Money Order

for which pleoss forwaed ne. . .... . Sieaode Tubes.
(siate nomber)

ARCTURUS
Pz
PENTODE

SENSITIVE -s

4 times the sensitivity
of a *45 Power Tube

Because of its high “power sensitivity” the Arccurus PZ
Pencode is almosc 4 times as sensitive as the 45 power
tube — a feature of decided importance when consider-
ing outpur, decector overload and plate supply arrange-
mepts. Greates volume, increased cl’Baency, and com-
paceness of set design are the natural results.

ARCTURUS
551
VARIABLE - MU

DISTORTION IS
NEGLIGIBLE. ..

even at 20 times the
voltage of a 24 tube

The ioput limit for the Arceurus 551 is 4 co 10 volts as com-
pared to0 a rypical 24 cube which is about 0.2 to 0.4 volts.
The 531 tube operates withoue discortion ac about 20 times
the voltage permissible with the *24 tube.

This aod other fearures of the Arcturus 551 elimipate the
nced for double pre-selectors, dual volume controls,and 'local-
long distance” switches. Maximum cross-talk is divided by
500; receiver biss is reduced. Circuits using this new tube
are simplified as well as more eflicieat.

Send for Technical Bulletiny groing complete performance data on the
Arcturus Type PZ Pentode and the Arcrurus 551 Varrable-Mu Tube.

ARCTURUS RADIO TUBE CO., NEWARK, N. J.

ARCTURUS

The TUBE with the LIFE-LIKE TONEK
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NICKEL TUBING

The scientific care used in making Sum-
merill seamless nickel t(ubing is carried
through until it reaches the comsignes. It
is packed in 2 sturdy box carefully made
to imsure the contents against all shocks
in transporl. It assures perfect condition
of the tubing when il reachics its destination.

Samples of tubing may be procured by
production managers and engincers.
a
PIERCE AIRC IN LARGER
QUARTERS

With a good rear bebhind them and
oplimistic as to the future, David Wald,
president of Pierce Airo, Ine., announces

the removal of the Pierce Aira faclory fo
510-518 Sixth Ave., New York City, where
they will be in a pasition to double their
farmer capacity,

he new Pierce-Aira peotode radio
trio consists of a pentode superhetcradyne,
a pentode super-tuncd radio frequency for
allernating current and a penlode super-
tuned radio frequency for direct current

Any of 1licse units can be bad in cabinet
or chassis form, sa that the Piercc Alro
\line provides a radio for cvery purposec.

The features of "the new DeWald sets
arc penjode tubes, full vision dial, tone
control, four screcn grids, screen grid de-
tection, phonograph pick-up jaclc, umless

filter circuit, high 1intermcdiate-frequency
gain, antenna adjuster, commpactness and
ncw electrodynamic speaker which gives
smoolh, rich and mellow tone.
A
SOCKETS
The Central Radio Corporalion, 156

Rooscvelt Avenue, Beloit, Wis., has issued
a baoklet giving mechanical inlermation
about CRC sockets. Copies will be sent
upon requesl.

'y

METALLIZED RESISTORS

The International Resistance Corporation,

2006 Chesinut Street, Philadelphia, Pa,,
announce 2 mnew booklet describing that
corporation’s 1931 line of imewallized

resistors. Copics may be had upon request.

A
RADIO EXHIBIT IN WASHINGTON

Establishinent of a
cquipment ¢xhihit in the mation’s capital
kas practically been assured. Negatiations
are now heing. conclucled with several of
the leading manuiacturers of radio trans-
mission and sound reproducing equipment,
for large sections of space in _the exhibilion
hall, located in the Nalional Press Building,
according (o Carl M. Butman, former secre-
tary of the Federal Radio Commission and
now chairman of the Noard of Managers of
the National Radio Equipment Exkibitors.

“The great intcrest being shown by
manufacturers in this project dcfinitely
marks the recogmlion of Washington as the
country’s lcading market place for their
products. These makers of radio and sound
equipment recognize that Washingtoun is the
focal point of centact of users of the ether
channels. 1ln selecting the National Press
Building as 2 locavon for 2 permanent ex-
hibit, advantage has Lieen taken of the fact
that it houses the Federal Radio Commis-
sion and many olher prominent radio or-
ganizations. s a result of the frequcncy
with which radio users visit this buiiding,
it has Dbecome the national radio head-
quarters.”

The exhibit provides a desirable galher-
ing and meeting place. It will be decoraled
in a modermistic Irerd and provision is
rmade for ample loung‘ing spave, writing
desks, information service and many other
facilitics designed to attract to it those who
are interested in radio.

permanent radio

CABLE EXECUTIVE OFFICES MOYE

In order to allow increased facilities for
production at their plant located at 84-90
N. gth Sireet, Brooklyn, N. Y., thc Cable
Radio Tube (’:ompany, have removed their
executive offices to 230-z4z N. Main St.,
Brooklyn, N. Y

A
PARTS FOR TUBES

So many new tubes are being brought
out that Goat Radio Tube Pars, Inc,
Braoklyn, N, Y, are constanily cxlending
the variety of parts furnished to tube manu-
facturers. Just now there have been com-
pleted all the facilitics for the quantity
manufacturc of additional items for the 23_}
and 238 1ubes recently announced and
which are, as our rcaders know, past the
experimental stage in a number of tube
plants,

LEdward F. Staver, secrctary of the com-
pany, says the rapil tube development of
the past few weeks bas overtaxed the eugi-
pcering departments of mmany (ube manufac-
turers and that his company js succeeding
in ecasing the strair by  supplying a con-
tinually increasing range of parls, formed
with Lhe ulmost accuracy, rcady for the
assemblers. A

MORE USES FOR METERS

To those intecested in multiplying the nse-
fulness of their clectric merers, & coari, pre-
pared by the enginecring stafl of [ulerna-
tivnal Resistance Compiny, is of practival
valie,  This cbart indicates how onc inuy
change 2 voltmeler into a wmulti-range voh-
meter; o omillicowcter imo @ d-c. voltmeter;
a3 milliammeter into a high range reading
milliammeler.

Since accucacy is the sole gauge of the
worth of any electrical measuring apparatus,
it is necessary to employ precision wirc-
wound resistors of the proper res‘stance
valucs.  Precision wire-wound resislors are
now obtairable 2s regular equipment, with
an accuracy af better \l.zo 1 per cemnt, or
greater precision than the average small

measuring instrwoenl which is rated to
within 2 per cent. accuracy.
A
CUSHION FEET FOR CABINET AND
FURNITURE

The Standard Cushion Company, Bridge-
port, Conn., is marketing 2 novel cushion
corner supporl which has an adjustable
featurc, These new sbock absorbing fect
have obvious uses in the radio industry.

A

SIGNAL CORPS UTILIZES NEW
CARDWELL FREQUENCY METERS

The Allen D. Cardwell Mfg, Corp., 81
Prospect Strect, Brooklyn, N. Y., bas re-
cently been awarded a large contract to
supply the Signal Corps of 1the U. S. Army
with the new type BC-153 frequency meters.

These meters have a range of fram 75 to
1500 ke. and are especially designed to con-
form to the high standards demanded by
Army cogincers. A special buzzer, emitling
a notc of high pirch, serves as a convenicnl
source of damped oscillations. The buzzer
windings are shunted by a resistor ta prevent
sparking when the circuit is broken. As a
result, the buzzer gives a clear, steady
musical tone. Small dry cells provide the cur-
rent required to actunte the buzzer and a
toggle switeh in series in this circuit, is
used (o turn the buzzer “on” or “off.”

When the contact is opened through the
action of the buzzer, the energy due to the
current in the inductance coil is transferred
10 the varizble condenser giving it a charge,
The condenser then discharges, setting up a
train of osciliations in the circuit consisting
of coil, condenser (and therma-galvano-
meter),  Naturally, the frequency of these
oscillations depends upon the constants of
the circuit. A three-way switch permits one,
two or three coils to be used, as desired.

he condenser dial is divided iuto three
rections corresponding (o the three different

RADIO ENGINEERING

inductances availrble. This makes it easy
10 take close rcadings. A Wcslon thermo-
galvanometer is employed in this instrument.
This has an accuracy within two scale divi-
sions, Through the use of the threc-way
switch, 1the single variable condenser can
be used to cover the entire rangu from 75
10 1500 ke. By removing a metal jumper
between two binding posts on the panel,
external coils of varying values may Dbe
connected in 1he circuit in order. to extend
the range of i1be instrumenc suut tucther.

The Cardwcell frequency meter is accu-
rately calibrated and because of the high
uality of its components, it can always bc
acpcnded upon to give correct readings All
the working parts are contained within a
compact, portable hardwood carrying case.
The circuit diagram is pasled within the
cover and swilches, mcter, dial, condenser
control, etc., are convenicntly available on
1the bakelite panel. Several U. S. Letters
palents have been granited on the Cardwell
frequency meter. This instrument is avail-
able, not only to the signal corps, but zlso
to radio cngineers and experimonters and
for general laboratory use.

A
TELEVISION UNIT

The Shortwave & Television Corporation

of RBoston, Mass.,, manufacturers of the
Baird shorlwave receiver anl television
unit, have cslablished a metropolitan and

New Jerscy sales officec at 15 Laight Street,
New York, in charge of Arthur Rocke and
J. & Nesteel. A

INSULATION MATERIAL FOR
CONDENSERS AND COILS

Radio set manufac(urers and alzers will be
interested in a specially developed insula-
tion known as X1B and XzB furnished in
sheets, rods, tubes and various fabrications
Hoth grades have been developed particu-
larly for the exacting insulating require-
ments and physical charncleristics neces-
sary for use in radio sets and Tradio parls.

Many leading manufacturers have approved
and are at present making use of one or
both of these grades. Carcful tesis show
that these grades increase he selectivity
of radio scts as much as 20 per cent wher
used as insulation on variable condensers,
and similar improvement is noted by adapt-
ing these special grades of insulation at
other vital points. For samiples and com-
plete information write the manuiacturer,
Amcrican Hard Rubber Company, 11 Mer-
cer St, New York City,

A

JENSEN PERMANENT MAGNET
SPEAKER

A permanent magnel speaker known as
Jeusen model PM-1, and the first of 2 new
Jine of dynamic spealers designated as
model J-1 were shown and demonstrated
at the RMA Show, Chicago. They are
made by the Jensen Radio Mfg. Ceo., Chi-
cago. Copies of bullctin will be sent upon
request.

A

RESISTORS FOR TELEVISION

The enginecers of the International Re-
sistance Companry, Philadelphia, Penna.,
bave been preparing from the standpoint of
resistors for forthcoming television.

Special types of rvesistors are required,
and the demands made upon resistors arc
in some cases more severe than in ihe
conventional radio receivers because of the
wide-spread use of resistance coupling in
the amplifier portion ef the television short
wave receiver.

The International Resistance Company’s
engineering  department is  keeping  as
closely abreast of this interesting subject
as is possible, and is coaperating with
manufacturers who have special problems
in this coonection. They will he happy to
assist in any way that they cun in preob-
lems whereir resistors arc involved.
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New TUBEs
New Circurts
New Vor.ume CoNTROLS

Clarostat is ready with
a special model wire
wound control to ex-
actly suit the new
specifications.

Isolated rotor—all ex-
posed metal parts ont
of electrical circuit.
Quiet, gradual control.
Long life windings.
Dust cover. Special
alloy contact to pre-
vent Thermal E.M.F.

Specify Clarostat! That's all. For the
name stands for the most advanced de-
sign and refined construction in control
devices. It stands for the products of an
organization long experienced in supply-
ing the most rigid demands of the elec-
tronic industry. And it stands for con-
trols of any resistance range, regulation
curve, combination or arrangement to
meet your exact specifications. Specify
Clarostat—and you solve your control
problems!

A complete line of controls:—

Wire Wound- Straight or tapered resistance
change. Jarge or small bakelite housings. With
or without dust cover. Bushing and shaft in-
sulated or “grounded.” Line switch attached if
desired.

Graphite Element—Straight or tapered resistance
change. Completely enclosed in bakelite shell.
Frictionless positive drive contact roller. With or
without switch.

Compression Rheostats—for the control of the
heavier currents in electronic tube and associated
circuits, Any resistance range from 10 chms up to
10 megohms. Several sizes—7, 20, 80 and 250
watts.

CLAROSTAT MFG. CO. INC.
285 N. 6th St., Brooklyn, N. Y.

CLAROSTA

RELAYS
SENSITIVE
HIGH SPEED

SENSITIVE RELAYS—for currents of 100
Micro-amperes and up—for changes of cur-
rent at 50 micro-amperes and up.

HIGH SPEED RELAYS—Speeds to 25
makes and breaks per second at 25 milli-
amperes operating current.

POLAR RELAYS--High speed and Sensi-
tive—Single winding or differential wind-
ing—Fine adjustments for Biasing.

Send Us Your Requirements

RECORDERS
DRAW-OFF MOTORS
TAPE REELS

Complete Equipment for Recording Radio
and Cable Signals always in stock

Siphon Recorders—sensitive to one milliampere.

Send for Description

COMPLETE
MANUFACTURING
SERVICE

Engineering—Development Models—
Experimental

Small Lot and Quantity Production

J. H. BUNNELL & CO.

(Established 1878)

215 Fulton St., New York City
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A FLAT TYPE MOLDED RESISTANCE
UNIT

As a result of extensive develapment work
expentded aver a number of years, there is
now available a new type ol resistance unit.
Thesc units, having been developed as a re-
sult of an endeavor to nmprove both design
and characterisiics are decidedly new and
practical.

The main idea behind theit development
was to produce a unit which could be molded
from a satisfactory material with the con-
necting lugs nwolded into the malerial and
the resistance value predetermioed so that
no alteration or ireatment would be neces-
sary once Lhey were molded. After exten-
sive’ experimenting a satisfactory aterial
wis produced, which molded well and had
characteristic advantages for its use as a
resistance medivm.  This material is com-
posed of carbon with a hinder of a complex
mixture of elements, which when maolded js
tough and not easily subject to changes in
resistance value. In order to increase the
heat dissipation of the unit and thereby
enable the reduction in physical size, a flat
design was adopted in place of the usual
round sivle,

The completed units are flat in shape, and
provided with various types of lugs for

mounting or soldering. The material itselfl
is non-hygroscopic and is not subject to
failure except from very high temperatures.
High voltage discharges and overloads do
not permanently affect its resistance value
and it will always return to within 2 per
cent of its original value,

A distinctive characieristic of these units
is that they are abselutely noiseless in opera-
1ion when used within their normal rating.
This extremely important characteristic is
due both 10 the resistance material itself and
to the method of “molding in” the lugs.
They are manufactured by the S, S. White
Decntal Mfg. Co., Philadelphia, Pa.

A

TRANSMITTER CONDENSERS

The Dubilier Condenser Corporation.
4377 Bronx Blvd.,, New York, is marketing
efficient mica condenser nnits,

Stacked so” as to provide the nccessar
voltage rating in the handling of the high
vollages encountered in transmitling work
and carrier current applications, the Dubi-
lier types Ss50-1-2-3 mica transmitting con-
denser units are proving highly practical.
These condenser units make use of an
isolantite tube fited with cast metal top
and bottom as the housing for the capaci-
tor. The top and bottom members are the
terminals, so that when the units are
stacked, they are antomatically connected
in scries. The outstunding feature of the
units, according to the Dubilier Condenser
Corporation, New York City, is the handy
design.  No space is wasted in the instal-

lation of these units. Also, maximum in-
sulation is provided Dbetween  terminals,
since the entire length of the insulator body
separates the two terminals of the cupnci-
tor. These units are widely cmployed for
radio telegraph and teleplione fransniitiers
and for earrier current applications. Sinzle
units are availahble in a-c. voliage rating up
to 50,000, and in a wide range of capacitics.

A
MEGOHM DECADE RESISTANCE
© BOX

The Shallcross Mfg, Company, Colling-

dale, Penna, is making the goo series
decade resistance box herewith illustrated.

The wide range of high resistances
available in these resistance Dboxes now

provides comparizon standards for high re-
sislance measuremems, insuliation measure-
ments and other uses in many fields of
rch and engineering such as: physical,

“trical, radio, geo-physical, electron tube,
physical chemistry, X-ray, sovad recording

and industrial laboratories,
A
.RADIO SERVICEMEN'S OUTPUT.
METER

An output meter for use by radio ser-
viccmen has been apnounced by the Jewell
Tlecirical I[nstrument Company of 16492-U
Walnut  Street, Chicago, Ill. Radio men
l.zye found that the human ear cannot bLe

depended upon when making accurate ad-
justinents of radio frequency stages. This
instrument  allows the serviceman to see
when the point of best adjustment is
reached. Three measuring ranges are pro-
vided 1o adapt it te the output cireunit of
any receiver. TFurnished with leads, test
clips and socket adapter.

RADIO ENGINEERING

HAMMARLUND CONDENSERS

The picture acre shown illustrates the
laboratary care cxercised by the Hammar-
Jlund Mfg. Company in matchirg coendens-

ers. The device permits of rapid and ac-
curate adjusuwents to msure exact ca-
pacibies wm the manufactured units.

A
NEW "CONOID" R-F. COILS

A superior quality at a low cost is the
combination that the Premier Electric Com-
pany claim for their new “Conoid” type
radio-frequency coils (patents pending) and
which, due to their smalil size are meeting
with favor among manufacturers of midget
sets and auto-radios.

Engineers readily appreciate the design

and construction of these “Conoid” coils
from an cfficiency standpeoint, as (e wind-
ings are seli-supporting and are not wound
on a core, which practically eliminates all
absorption losses, and greatly reduces high
frequency loss.

This construction 2aiso permits of a con-
cenirated field from the “Conoid” type ef
winding, permitting unusnally small cans to
be used without loss of cfficiency. ‘The caus
are soft copper z in. in diameter and 1 9/16
mn. M .

"Conl;id” c-f. cails are furnished in
matched sets, and manufacturers desiring to
investigate the merits of this new coil will
be furnished a set free of charge and with-
out obligation by wriling the Premier Elcc-
tric Company, Grace and Ravenswood Av-
cnue, Chicago, Illinois, and mentioning this
magazine.

A

NEW VOLUME CONTROL WITH
"DEAD" SHAFT AND BUSHING

Of especial value in the coutrol of the
new variable-mu tubes, the new Clarostat
wire-wound volume control with “dead” or
insulated comtact arm and mounting bushing
has just been announced by the Clarostat
Mfg, Co., Imc., of 283 North Sixth St,
Brooklyn, N. Y.

This improved model of the Clarostat con-
trol makes the use of insulating mounting
bushings unnecessary as all exposed parts
are owt of the electrical eiveuit,

It s supplied with a dust cover or not as
desired and may also be haid with 110-volt
switch attached.
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THE TREND IS TOWARDS -

- FULL VISION

I] THE No.39 FULL VISION TUNING_UNIT

n accordance with the present trend toward full vision control,
Crowe has designed and built several tuning units that answer
every modern radio engineering requirement

The No. 39 with escutcheon No. 8506 is shown above, typifying
the new design in tuning units.

YOU

are invited to visit
our di Booth
108 RMA
Trad t the
Steve tel, in
Chicago, June 8 -
12, inclusive.

New developments in tuning units will be on display at our
booth (No 108) at the RMA Trade Show at Chicago. New open
pattern escutcheons will also be shown, as well as many sug-
gestions for the design of your own exclusive escutcheons.

-+ CROWE

NAME PLATE & MANUFACTURING CO.

1745 GRACE STREET CHICAGO ILLINOIS
®




OUR FACTORY PRECISION

Is Insured By

The Summerill Box

A0
o’ SUMMERILL
& SEAMLESS
" NICKEL
¢ TUBING
"
° EVERY care is exercised so that

PROMPT DELIVERIES
any where—any time

—any quantity

The scientlfic care used In making
Summerlll Seamless Nickel Tuhing
is carrled through untii 1t reaches
you. It s packed in a sturdy box
carefully made to insure the con-
tents against all shocks in trams-
port. It assures pecfect condition
aof the tubing when it reaches you.

Summerill tubing is chemically pure—that accu-

racy is maintained in factory proceduce.

PACKED in the Summerill box, tubes

reach customers as fine as they are here.

LET US send you a sample for your
engineering and production departments

The Summerill Tubing Co.
founded 1899

Bridgeport, Pennsylvania
Philadelphia District

TUBING by SUMMERILL
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COIL WINDING MACHINERY

The Universal Winding Co., Providence,
R. I., is marketing the No. 84 coil winding
machine with four-coil attachment for vari-
ous coils used on ragio receiver manufacture
—intermediate transformer coils. antenna
loading coils, r-f. chokes, and other coils of
universal or cross-winding construchion.

The winding accuracy essential to elec-

trical efficiency in “cross-wound” coils is
assured through the use of the No. 84
Universal coil winding machine with its
“gainer mechanism” for positive control of
wire-turn gpacing. Realizing that the rate
of output featured in a machine for single-
coil winding is somewhat restricled, the No.
84 machine has now been made available
for producing four coils of like specifica-
tions simultaneously. With this greatly im-
proved sechanism, increase in daily oatput
per machine is obtainable.

A

NEW INVERTIBLE TYPE CONDENSER

The Elkon Division of P. R. Mallory &
Co., Inc., announces the release of a mew
inverted type 8 mfd. condenger, This ncw
type bas all the outstanding features of the
regular Elkon non-aqueous hi-volt con-
densers and differs only in that it conforms
to the standard dimensions of the inverted
round 8 mfd. type.

Elkon condensers have many features
which appeal to the sct manufacturer. As
implied” by the 1erimm “non-aqueous”, they

contain no free water; they can meet any
d-c. operating voltage requirements up 10 450
v. d-c.; low lemperatures are not injurious;
they can withstand without injury peak volt-
age of all properly designed sets; they are
stable in operation to guard against elec-
trical and mechanical variations that would
affect the action of the circuit, and they
bave an extremely low novmal raied leak-
age.
With the addition of the new inverted
type 8 mfd. condensers, Elkon non-aqueous
hi-volt condensers are now adaptable to all
mounting arrangements in use by the set
manufacturers. A

DECADE RESISTANCE BOXES AND
ATTENUATORS

A new complele line of decade resistance
boxes, attenuvators, and voltmetes multipliers
of unusual features is announced by The
Daven Company of Newark, New Jersey.

The decade resistance boxes arc manu-
factured in combinations of from one to six
decades in a box, ranging from 1 ohm to
100 megohms per decade. All resistance
units, with the exception of the 3/10th
ohm steps are the well known noninductive
Super-Davohms. The boxes are supplied
with special taps to facilitate their use as
voltage dividers, coupling resistors for
photoelectric cell amplifiers, voltmeter mul-
tipliers, special bridge circuits, standards,
etc., thereby making it a welcome essential
piecce of apparatus for any experimental
laboratory. The standard accuracy of
Daven decade hoxes is 1/10 per cent plus
or minus. Lower priced boxes are avail-
able with an zceyracy of ¥4 per cent. and
¥% per cent, plus or minus,

L)
The new Daven altenuator is a norn-
induciive high precision instrument with an
accuracy of 2 per cent. plus or minus, built
to the customer’s specifications as L, 1., or
H pads in any range of impedance and
attenuation. All attenuaters zre enclosed
in a dust proof containor.

A

BEAT-NOTE OR HETERODYNE
AUDIO OSCILLATOR

The beat-note or heterodyne oscillator No.
302, manufactured by Wircless Egert Engi-
neering, Jne., 179 Greenwich St., New York
generates audio frequencies by means of
the heterodyning of two radio frequencies
differing by an audio frequency. The audio
frequency gemerated -by this oscillator is
continuously vamnable from 40 6 715,000
cycles per second. Four tubes are used, two
of which are the radio frequency oscillators,
while the remaining two arc detector and
amplifier, respectively. All fonr tubes are
of the two-volt type. The voltage output of
the instrument remains practically constant
over the entire range A calibrated curve is
provided with the instrumeni recording audio
{requencies awzainst the dial reading. The

R L
Tegmif el
e o

instrument is ruggedly constructed, employ-
ing the best apparatus available. A handle
can be placed on the cabinet if a semi-
portable unit is required, An aluminum
panel and black crystallized cabinet is used.

This instrument is especially valuable as
a source of variable audio frequencies in
the testing of loud speakers, amplifiers,
microphones, and acoustical apparatus in
gcilberul. Dimensions 10” x 8” x 738", Weight

s.

A
NEW LINE OF DEJUR-AMSCO
DIALS

Literature describing a_complete line of
tuning accessories by DeJur-Amsco Corpn.,
05 Morton St, New York, including dials,
dial lights and escutcheons, is available to
the manufacturer and other interested par-
ties. Approximately one hundred different
styles of dials are manufactured by this
Company. The six general designs are full

vision, scctor vision, sector vision bevel,
direct drive. direct drive bevel and large
drive.

The dials are available in tan and white
scales, with either ome hundred division
or kilocycle gradoating. A variety of
bandsomc escutcheons adapt the dials to
practically every cabinet design from the
period console to the modernistic midget.
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LYNCH METALLIZED RESISTORS
PIGTAIL AND CARTRIDGE TYPES

Lynch Metallized Resistors, made by the
Lynch Mfg. Co., General Motors  Bldg.,
New York Cily, now employ new “K” fila-
ment. This new Lype Rlament 15 the result
of many months of intensive rcsearch.

It iz the same general type the (rade is
acquainted with—but stronger and wmore
durable and therefore able to meet the more
rigid specifications now demanded. Closer
tolerances are possible with “K' filament
and it is said to have the capacily to stand
greater overload. .

Another outstanding improvement is the

molded end cap. The eap itself is tapered
for insertion in standard cartridge type
mountings, where interchangeability is de-
sired. Tinned copper pigtails, when speci-
fied, are molded into the caps and are not
soldered or strapped thercto. v this
methad, a clean, sure 100 per cent contact
between resistance clement, cap and pig-
tail is made certain.

The special ceramic casing is of sturdy
construction and maximum heat dissipation.
Tt will withstand more than average shocks
and jars, as well as minimizes possibility
of damage by crushing.

Lynch Metallized Resistors are supplied
in ¥, 1, 2, 3 and 5 watts, cartridge and pig-
tail types. There is also the Ignition Re-
sistor for use in automobiles when radio
sets are used.

A

R. C. SPRAGUE TALKS ABOUT NEW
VISIVOX

“The Sprague Specialties Company entered
the field of home talking mowing pictures
afler mature consideration of the possibih-
ties. We realized that if a large produc- .
1ion busincss were fo be established on this
line, thbat two elements were vitally neces-
sary.

“In the first place, it would be important
to obtaim assurance as to the availability
of all types of films and records for home
talkics. Without the material to give en-
tertajnment in the home, the machine would
be of very little use.

“The second clement was the devising of
2 new apparatus that could be counted upon
for fool-proof ecfficiency and simplicity—
and which gould be manufactured in quan-
tity to sell at prices hitherto unheard of in
this  ‘particular industry. The popular
priced field seemed to us to be the only
one worth considering. As our plans prog-
ressed, we realized there was a very gen-
uine interest in this machine, not only be-
cause of its technical development, but
because of the tremendous and compara-
tively untouched field of home entertain-
ment that lies in this direction.

“We have bcen more than gratified, and
the Visivox Division of our plant in North
Adams is now in roo per cent full produc-
tion on this line.”

DUOVAC INTRODUCES NEW
SILENT TUNING DEVICE

Automatic volume control in radio sets
has bcen accepted as a distinet improve-
ment, At the same time it has proven
stself a liability duc to a sceming loss of
esensitivity and a rather high noise level
which it introdueces.

Tune-A-Lile, a2 new type of gas-filled
wbe, developed by the Duovac laboratories,
after a circuit decigned by Professor Alex-
ander Senauke, eliminates these disadvan-
tages and permiis full benefits of auto-
matic volume control,

Tune-A-Lite makes possible silent tuning.
Every audible station in the general broad-
cast range can be brought in even though
the volume control is turned down to a
point where no sound issues from the
speaker.
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-|-|'\e LAST WORD/|

More Safety
Less Cost

|

FRAOE MARK NEW YOAR

HOLED . TITE RADIO TUBE
WRAPPER which is revolutioniz-
ing tube packing.

Check these features:

Wrapper is light and form fitting and designed
especially for each size of tube. Conseguently,
it provides suspcnsion and perfect protection.

Suspension packing protects against lateral
shocks and distortion of elements.

Tube can be tested without removing from car-
ton, without tearing or defacing the wrapper.

Wrapper is easily and quickly handled, even
by unskilled packers.

Wrapper costs less than any other packing.

N WN =

Holed-Tite Wrappers
are made for all types
of tubes to fit the
standard bulb sizes.

Write for samples and prices today.
Protect your tubes;-save mcney.

HOLED-TITE PACKING CORP.
220 E. 42nd St., New York City

Affiliated with International Paper Co.

; R

I Name

Street

Fivin

City .

RADIO ENGINEERING

YOUR

Pentodes and New

. F TUbGS D@SZFVG
‘SEALEDGED’

G, u.s. PAT. OFF.

—the 994+% Pure Nickel
Cloth, with the distinctive
sealed unraveling edge  «

“

SEALEDGED” is the ideal
component material for the new
variable-mu tubes and pentodes.
Only the purest nickel wire enters
into the composition of this cloth.
Fiven weave and smooth finish

- -

I

are obtained by our special pre-

-

cision machinery. Costs only
slightly more than ordinary raw
cut wire cloth.

~ - ™

We also furnish Molybdenum
screen for special applications.

Details on request.

)
N
A
3
x
\
\
,‘\\

NEWARK WIRE CLOTH CO.
358-372 Verona Ave.,
NEWARK, N. J.

Without any obligation on our pact

I'| Please send sample and derails of
"'Sealedged.”’

[ | Please send cepresentative.

- o i
ol A A s
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Tape Mecasure
L,

or

} Micrometer?

EDATHADIOTUBE PART:,'N‘:.’
33 35th STREET, BROOKLYN ,NY.

)

TOBY

A good
mechanic Says the

does not us .
> netHee Radio Tube Manufacturer:

a tape
measure.
_ ““QOur reputation and therefore our suc-
ke E i ter—an inst =nt upon which h a 1
dll‘fpt{l):{h‘s_fgsx' ::ccrz‘rcarcoyme '?{Ae ::p::nriler:sr\rx: n‘.‘il;:l:':xlnlurlil.ish a: "t:lc;g cess depeﬂds upon the quahty Of our
Spley B SRematn | AMIETL 18 epential he wout Tubes; and this reputation-maintaining
In the work of testing and scrvicing Radio sels the instru. | ¥ . a
ments employed musl possess unerring accbracy. You cannol quahty calls for the hlghest commercial
employ lap.;l_hlixso i}::sl.rl'jment'.sig they must l:}c OL{I rnbirrome‘lﬁr 1 ) 1 B h f .
i@ cy. o ¢ any roor t on G
prrt i the ssrwes. mmw When he 15, In. contsey with, (he euss quality possible in each of their parts.

toemers receiver, The tests must refleet exacdy ths condition .
af Ahe =en ) , ““Such quality can be secured only from
DayraD Radio Service Instruments Are an organization with the last word in

Recognized As Standard : . )
Because they lave stood the test of Ume. Every DayroD special machinery and with long and suc-

DRttt Gt Bt Bt o ey b elumater, < cessful experience in the making of tools
for, and in the production of, a great

less than other instrumenis, possess super gualily,

See These Service Instruments at Stevens

Hotel, Chicago, Week of June 8th, variety of such parts.
Booth No. B-57 “ Furthermore, that concern must be a
Or 1If you are not gowng to the Radio 3how send for Catalog
which describes and ustrates these varous inslroments SU.H:lCicnt source Of Supply for all -the pa_rts

m @@@1@ F@’éimm@éﬂmm we need. We could not afford to pick up

5th & Norwood  Dept. E.  Dayton, Ohio, U. S. A. one part here and another part there,
among those who are able to produce
only a limited variety.

-

3 %
s AMPLION &

: ‘““ In short, I demand an organization that
is a factor in the Radio Tube Industry
comparable to ourselves: dependable, re-
sponsible to the utmost. For these quali-
ties are essential to our own stability.

““And finally, Tube Parts manufactured
by an organization such as I have speci-
fied are priced right; that is, lower than
we could manufacture them for ourselves
or obtain equal quality for elsewhere.”

Says Goat:

“This is an advertisement of just the

TYPEH W

$25.00 TYPE J M ; ) '
$25.00 kind of concern you have specified.

Transverse Current Lest Std

MICROPHONES

Welts for 20.7age catalogus and price flt deseriblag GUAT HADI DTU BE PA RTS, I NC.

rnicrl? hanes.i rm%rophorlxo ?mpulﬁere. Sol-wau power
ampllfiers, glant dynamlc =ir column units, exponen-

'Jnip homns, synchronous and non-synchronous turn- 33 351}‘ STRE ET' BRDDKLYN 'N-Y.
tables, and completa l:sanel mounted aquipment for

schools, hotels, hospitsls, parks, skaung rinks, steam-
ships, alrplanes, auditoriums, theatres, cte.

Ask wbout thec PORTOVOX, a complete pertable

2D

.?':;(:14“11:‘);:;&; I:nllyosgéco‘c'cs for convenient carry- ‘ e 4 ? nﬂaATQ- 'l'fypdl‘fé: \
Amplion Corporation of America S 2088 Will Cut Yorr SHRINKAGE: %)
133 W, 21st St,, New York City 'b""-' - L8 S s B L MR R
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Insulation that meets the

specific needs of Radio

ANUFACTURERS who have tested our
M special radio grades of hard rubber in-
sulation, X1B and X2B, invariably prefer this
matcrial because of its important physical
characteristics —mechanical strength and
hardness, low moisture absorption and excel-
lent di-electric values.

For many such manufacturers we regularly
supply punched, turned or moulded parts and
raw materials—rads, sheets and tubes.

Samples and quantity quotations sent on re-

ceipt of specifications and blue prints, Write to

AMERICAN HARD
RUBBER COMPANY

11 Mercer Street - New York, N. Y.
Sules Offices also at Akron, Ohio and Chicaga, Illinois

Uniformity

Thousands upou thousands of pieces—each of the
exact internal and external diamecters called for by
specifications cach possessing Lhe same mechanieal,

chemieal,
that spells

electrical and thermal characteristics -

Tho brand name of a complete line of quality radio and
electrical insulating parts made to fit individual requirements,
for data regarding Crolite. Better still,

erte send specifications and drawings sv that
we may Quofe an your exact reguirements.

HENRY L. CROWLEY & COMPANY, Inc.

Speclalists in Severe Service Materials

1 Central Avenue West Orange, N. J.
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Avail Yourself of the Facilities
of Our New Modern Factory—

EASTON

COILS—TRANSFORMERS
5 [l WIRE-WOUND RESISTANCES

0" 0%% Manufacturers who desire to connect with an up-to-date factory s remahzmg in parts for radio
sats will find ideal business relations here. Your own designs will be turned out 1o exacting
requirements—you will have the confidence that your production schedules will be met
on time.
Our Engineering Department will be pleased to cooperate with you in your design
problems. All information will be held in strict confidence.

Send your specifications—or shall we call?
Samples and quorations furnished promptly,

Easton Coi CoMPANY
'22-19 41st Ave., Long Island City, N.Y.

Give Your Product This Added Feature

DIFEHL,
|| ACETIENETY M O TOR S

SOUND PROJECTI ON No matter how well designed yonr equipment

may otherwise be, performunce will lurgely de-
pend upon the motor drive selected,

F -th f X f . .
”””” J TELEVIST ON et e e o

developing and producing electric motors to
meet the individual needs of manufacturers in

' d i o 5 h talki
RADIO PHONOGRAPHS tound projocton. elecirical eameription, public

address systems, record changers, etc, The

adoption of Diehl motors by foremost rnsﬁo-

HOME TALKING PICTURE'S (g Wbt
formance.

Standardize on Diehl—and give your machines

the added feature of s moelor drive which has
trade recognition and acceptance.

The Dleh! *'Arlstoprat” Turntable
Motor—oustom-holit for phenopraphs,
mnlb(nallﬁn radlo-phonopraphs  and

DIEHL MANUFACTURING COMPANY

spund projeslion maghlaes. Quick (n o i

Inanmo "uullurxnblnasgaad and slha;:l a?:m;:%w;ydé:msnlﬁg. Blecirical Division of the
n_oparation undant powur w

out” vibeation, “All" standard voltages dlon. Appraun)  No. SINOGR MANUFACTORING COMPANY

and  frequancles. Complefe  wlth

moumlu fat nolded  compé:

tlon lurontn la &t'uul 5:nml regu alg‘ ELIZABETHPORT’ N. J'

Bullt.in Autsmatlo Stop coulgment

eptlonal, Atianga Boslon Chlgago New York Phlladeiphia
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Sound Ampliﬁer
Syste ms

Input equipment for radio broad-
casting and sound recording.

Centralized radio and public address
systems for hotels, auditoriums,
churches and amusement parks.

Astatic condenser microphones.

Write for descriptive bullating,

R. C. Powell & Co., Inc.

350 Madison Avenue,
New York City

Licenged under Loftin-\While potents pending.

RADIO ENGINEERING

Shallcross

Multi-Range
Kilovoltmeter
Multipliers
for A. C. and D. C. meas-
urements up to 20,000

volts.

Resistance [000 ohms rer
volt and higher.  De-
scribed in our Bulletin

700-K.

Shallcross

Megohm Decade
Resistance Boxes

Incorporating the highest grade non-reactive, wire-
wound resistor units and the most modern methods af
insulation to guarantee Low Leakage.

No. 935—Two Decade 10X (.01 4+0.1) Total 1.1 Megohsms

Na. 945—Two Decade 10> (0.1-1.0) Total 11 Megohms
No. 960—Two Decade 10X 1.04-5X 10 Total 60 Megohms

Described in aw Bulietin 900-K.
Irite for these two bullelins.

7§ﬁ@afﬁm§§ Mg, Companngy

) ELECTRICAL SPECIALTIES o
:._._.':'.: 200 PARKER AVENUE L
\\‘l‘f\]hrgdn;e Pa.” //

[\

r/‘-.

c»i'ccum{e <.
WON-INBUETHYE

RESISTORS

We also manufacture Super Akra-Ohm Wire-Wound Resistorsj

%MADIS ON

Overlooking Ocean at Ylinois Quenue

AT LANTIC CITY, N.J

NOW is the trme to visit with Spring 1n irs natural y

serring . . . splashing surf and sparkling sands—sea y

/
air and sunshine . . . and ta meet Summer as It /
comes swinging in on the wings of a Soutbern /
breeze. £

/

/ 1
For the better enjoyment of these seasons, the / 1
Madison is sa dedicated. It offers a rouch of A

quiet seclusion in the smartest, liveliest part Y.
of the resart~ provides service atten- ARy /
tive to even the least aof derails

surrounds its guests with the
charm of aurhentic Calonial
appaintments.

fates for either Ameorican
o1 Liropean Plaw «re mogt
attructive.

(I I nz,‘i'}g('« j
i i T

EUGENE C. FETTER, i
Managing Director &
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— DIALS
"2!NAME PLATES
—LICENSE PLATES—

Full Viston hacutoheon——about half
actual gizs,

Our large and modern plant affords excellent facili-
ties for the speedy procrucﬁon of your requirements
in otched and lithographed also embossed metal
specialties. A large variety of stock dies enables
Radio Manufacturers to effect great savings on
escutcheons, for regular models, Midget sets, and
auto radio sets.

Bend  your blucprints — our Art Department il
gladly submit original sketches for your approval.

General 81‘e}1in %Gd

MANUYACTURERS OF

V<’ | ETCHED ANMD LAYHOCNAVHED
i METAL PRODUCTS

3070-82 W. Grand Ave., Chicago, Ill.

‘ ‘ \ Py
Because All Kester Soldes md1 Claus A
PurisySpecificationsof the AS.T.M.

it’s safe, Smith!”

JENKINS & ADAIR “Fve been making sets for years, and I know

1 . there’s only one safe soldering flux for our kind
Condenser Transmitter of work — rasin. Kester Rosin-Core Solder carries

Type D-6 a rosin flux inside irself——and it’s a plasticized

Patented U. S. A. No. 1790508 . - [ ET)
PR Nk G0 At Faselgs rosin that even age can't impair!

A high guoality sound .
translating dovice for Kester Rosin-Core Solder always goes the
broadcasting, recordiong S § i d d d
sound measurement god best one better. Its virgin tin and lead excee
announcing. Output im- : :
pedance 200 obms and 50 even the A.S. T. M. Clas§ A specifications for
ohms. Has substantially Pufity‘ It’s fast, too—a time and labor saver.
flat response curve aund . ] .
output — 30 D. B. Radio and electrical manufacturers who use it

Actuator respons ; i
curves fuenished for pre. see production costs go down at the same time
cision applications, i !

We bive o litgs ok standards of efficiency go up!

of uccessories such ag 3 .
stands, suspension clamps, Write to our Industrial Development Depart-

migrophons bapmk; -cop. ment. Let us untangle your knotty solder prob-

nectors, cable, etc.
Nlusiratlon &b D-& Cou- 2 W ic!
dc:ﬁw vau;\llol:f $325 00 and lems € ean dO £

Typs C Clawp ¢8.50. Boﬁh

biitmpo US4 nel 5. 0. | Kester Solder Company, 4224 Wrightwood
Write jor Bullevin 6-E Avenue, Chicago, Illinois. Incorporated 1899.
JENKINS & ADAIR, INC.
ENGINEERS
CHICAGO, U. S. A. E S I E
Cable Address: JENKADAIR
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ti OfMoes: i
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Lynch Features:

Clnser Toleranoes

Creator Overland Capaolty

Maxioum Hoal Disslpauion

Greutor Safely Tuclors

Molsture Proof—DNolseless

Pigtatls molded In — Dot
strapped or soldered, In-
suring positive contaois

RESISTORS

RADIO ENGINEERING

Using the New Type “K” Fil r

Service Costs ’
Steal PROFITS o

You can materfally reduce overhead
expensy by use of producta thal sre
guaraniced Lo givo per(ect perforr.ance.

Write for data on curves and other logta
of this most advanced reslgtanco umit
avallable today, Bamples submitted for
test oo recelnt of gpectficu(lons,

LYNCH MFG, CO., Inc,
Dept. RE, 17756 Broadway, N. Y.

Frealsion Wiro Wound
Cartridge and Pigtatl Kypes

Astatic Microphone
Type 330

Many features Including signal
lights and three values of out-
put impedance makes the 230
of outstanding value for Public
Address, Recording and Broad-
cast use,

Bulletin No. 3 on request.
ASTATIC MICROPHONE
LABORATORY

YOUNNTOWN Q.
Now Y

o | & Co., Ino,
m°im w0n Ave, e
Ru 1 seording A Plim
LL]] .mlunlnn Ave,

BRASS—BRONZE—COPPER
NICKEL SILVER—ZINC
PHOSPHOR BRONZE

In Gauges .001 and Thicker. 1/16” to 167 Wide

HOT TIN COATED METALS IN COILS AND STRIPS

THE BALTIMORE BRASS CO.
1206 WICOMICO ST., BALTIMORE, MD,

‘ 45 VESEY STREET, NEW YORK CITY

We Cater to Laboratories—Broadcasting
Stations—Talking Movies, Etc. Parts for
any and every item you may need always
on hand. Call on us for your requirements

V"YYVVVYV“YYWY"WVWYYV“"YVYW"VYV

Premier .

Control

Unijversal mounting, steer-
ing column or instrument
bheoard—key lock awltch—
{illuminated dlal—indestruc-
tible presacd ateel—black
rust-proof finish—nmall size
3Y%” x A4Y* ——a real |oh.
Manufacturers inquiries
solicited.

PREMIER ELELTRIL LOMPANY

Established 1906
1802 Grace Street Chicago, U. S. A.

AAAAAAAAAAAAAAAAAAAAAAAAAALAAALLAAAAALAAAAL

BE”M‘PEB\ORMANGE
with ERIT,

AMPERITE autematically regulates line voltage
fluctuations. Improves tone, proteots tubes and
ather equlpment, reduces free service, Kaally
Installed In 5 minutes without ohassla changes.
Makes your careful laboratory epeolfiocations mean
samething In better set performance.

RITE (grporafion

g 5°I BROADWAY, HIW Youxs

Wrtle Dopt.

n HE -6 for

: live  pront.

s makling
llStl eroposition,

NICKEL
WIRE CLOTH]

for the

RADIO TUBE INDUSTRY

Any mesh woven accurately to your specifications.

“CLEVELAND”

Wire Cloth renowned for its Uniformity, its Superiority,
its Durability.
Advise us of your Reguirements

The Cleveland Wire Cloth & Manufacturing Co.

3571 E. 78th Streer, CLEVELAND, Qhio

RADIO APPARATUS TESTING

Life tests and characteristics
of vacuum tubes. Calibration
of all kinds of instruments.
Determination of inductsnce
and capacitance at various
frequencies. Resistanco meas-
urements, mator tests, magnetic tests, efc.

Electrical Testing Laboratories

80th St. and East End Ave. o
New York y]@s[
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ACME

TRANSFORMERS
ARE BETTER

'y L ,-?v.

See the Acme Exhibit
Booth 11
R. M. A. Show

The Acme Electric 8 Mfg. Co.
1440 Hamilton Ave., Cleveland, Ohio
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Micro
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HOME RECORDING » » »
PUBLIC ADDRESS » » » »
STAND ARD BROADCAST

Kellogg Switchboard
and Supply Company

CHICAGO

Type 403-C Standard-Signal Generatar
Price $800.00

RECEIVER TESTING

Throughout the industry General Radio standard-
signal generators are ruaking the standard I. R. E,
and R. M. A. receiver tests. In the development
laboratory and in the production line these instru-
ments measure the sensltivity, selectivity, and
fidelity of broadcast receivers.

Consulting engineers for progressive broadcast
stations are alsoc using this instrument for making
field-intensity surveys, thus determining the actual
effective coverage of the transmlitter.

Write for a copy of Coatalog

F-A68 which describes this
instrument In detall,

GENERAL RADIO COMPANY

Offices, Laboratories, Factories

CAMBRIDGE A, MASSACHUSETTS

Carban Resistocs,
Wire Waund Reslstors,
&(rip Resistors,
Ssaldohm Resistors,
Voltage Drog Reyistors.

Carlcldgo Conilonsers,
Flitar Condensers,

By-facs Gondensers,
hlotdcil Bakollte Condensers,
Canvas Brkollto Cordonssrs.

RE Caoifs

EL-MENCO

= b

ANNOUNCEMENT TO SET MANUFACTURERS

The Eleatro Motive Englnesring Corporation now
offera » most complete line of resistors and condensers,
The llne of resistors tukes In carbon reslators, syn-
thetle ropistors, wira wound reglstars, etrlp reelstors,
Bealdahm rgsistors sand heavy Quty voltage drop re-
ffstors. The line of condeuvsers includes small cart-
ridge 1type by-pasa coudensers, flter oondensers,
molded, avd canvas bakelite condensers. The new
ndditlons arc held to the sume oxacting standards as
adhered to In the pust. The best grude of llnen paper
jg used In tbe nmanufacturing of the cartrldge con-
denser. It is thoroughly Lmpregnated and hasa a high
Ingulatlon resistnnce and Jow power factor. These
condensers are supplled In capacities from .005 mtd. to
s mfd. Theso condenrers aro vory officlent and eco-
pomlcal und can readily be adapted to fit the requlre-
ments of vaclons design chassls.

“QUOTATIONS AND SAMPLES FURNISHED ON REQUEST.”

ELECTRO MOTIVE ENGINEERING CORP.
797 East 140th St. New York, N. Y.
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Rocke International Electric Corp.
15 Laight Sireet, New York City

Export Managers
A A Ao sound equipment — Electric Products a A A

SPOT WELDERS
From .0000 'To 1"
Qomblned ‘ThloMnoan

CONDENSLER TISSUE
Stocks of a]llswndard sizes

i
New York and Chicago

Ghe @ld Alasters Paper & Pulp Gorp.
154 Nassau Street, New Yark City

Lct us molve your
Spot Welder Proliema

EISLER ELECTRIC
760 South 14th Blrent,
NEWARK, N, J,

— i K}

CUT NICKEL and FLAT ENDS R 7
for Radio Tubes / CLAMP NAILS
between 070 and 006 dia. \ X <
:1 .002"—na hurrs—every plece straight £ For All Mitceed foints o
Capacity 10,000,000 pieccs daily
Small metol parts to &,our bive print, 100 to 673,000 picces per /b,

hat you canot moke, we wsil.

Art Wire and Stamping Company

18-22 Bayden Place, Newark, N. J. Send for R
FREE Samples
s Catalog

Baach-International
"Aluhulwl'l:-lll m;ullmh,rltl'od 'ﬁa?ﬁ.'m mads Compound ngh Vacuum Pumps
Alpha "mnmx.-’ \%“l'r:“?g.r.,’r'.':“.?m,, We manufacture all alzes of High Vacuum Pumps [rom 1-200
DPARE- TINNED ENAMELED-RUBBER COVERED cu. ft per min. U pumps tested at 4 micron belore ieaving
ABLES Y0 SPECIFIQATION— factory. Write for details
A.LPHA WIEE COBRPOBATION INTERNATIONAL MACHINE WORKS, Inc.
52 Howard §t, New York City 527.629 Thirty-Second 8t, Union City, Now J-vruy

MICROPHONES
All Klady $10.00 1o 5350 00
For—~Home Renorders, Tyao S. G. P. . List §10.0D
For Publlo Address Work, eta., 7)’\19 S . Llat 5.00
Standard Bruadeast Madel, Typ 3 . Llat $45.00
Standard Broadoast Mode), &uu 8 G S cug . List ¥62.50 '
Cundeaser Typo for Blm and record recording, Typa S. G. .. List $250.00 1B2 Cornelison A"—‘ R M(IIS at —
Also desk, floor stands, cavers and etc. Expgrt Mlcrwhuua Repalrs, Jersey City, N. J
SILVERLEAF MICROPHONE COMPANY
2658 Pasndenn Ave., d 4 Los Anmgeles. Calid.
Midwest Distribmtors—Dungan & Sternfleld—Radio Sales, Ine. o
1507 Michigan Ave., So. Rapresentatives wanted 200 Flf‘h Av_e M _.

- BARE AND TINNED
Stampings COPPER WIRE

Pressed Metal for Radio Industry For All Purposes
Steel, Aluminum, Copper, Brass and all Alloys Fine Sizes Qur Speclaity
SPARGO WIRE COMPANY

Send lnquiries and Drawings
Ri jde Dr. ROME, NEW YORK
METAL SPECIALTY CO. circianats, Obio - Established 1385

‘" Stock—Immediate Dellvery The Home Hotel of New York
ch;f " n:ducsjr? «vmu?_ke!uA thnwlt wmm ”( % . i I d
ggﬂeg gg"%“';wéhf ggﬂmf,s 3 ompn e Hom_er & 0 S5ervice, apponp’tmen S on
S0IA] yeary o and iKod. Seall s gour uhe: prER location . . . away from noise and con-
an; . .

Write for Catalog No. 200 gestion, vyet but a few minutes from
CHICAGO GEAR WORKS Times Square . . . garage facilitios for
769-772 W. Jackson Blvd, CHICAGO, ILL. Yourists:
Roam and Bath from $3 sinple, $4 double—300 roams
Home folks will like this hotel

ELLlS EI.ECTRICAI. I.ABORAI'OR NEW YORK

337 WEST MADISON ST. > G CHICAGO, ILLINQIS

‘\
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EN you look at a piece of Textolite laminated you see only the physical substance—yet behind

chmr substance is a2 vast organization.

Rescarch laboracones. world-famous. make constant,

to seck ont new and better metbods and materials.

A corps of engineers, with years of experience in the manufacture of Textolite, labor incessantly to

improve quality and furnish the best materials available in the industry.

unremutting efforrs to discover nature’'s secrets,

PUNCHING — MACHINING
Shests — Rods — Tuhing
All sizes cwrriad In stock

GENERAL FABRICATING COMPANY

37 East 18rth Street, New York Ciry

OUR PROMPT BERVICE—Is
a valuabls asaet In eco-ordl-
nating your production work.

MIDGET RADIOS

T
l For

W Eqmm»c«l with Brawley Felt Feet, receivers can

be set directly on a polished surface without

danger of scratches or marks, Look into the
advantages of Brawley Felt Feet from a sales
appealing angle

‘}e 'I'h_;r\: types—machine serew, wood screw and
nail.

-
S e

Free somple of any
type you want

T. R. BRAWLEY FELT COMPANY. INC.
279-20th _Street, Brooklyn, N. Y.

TERMINALS
AND

AUTOMATIC
STAMPINGS

Hot Tinned
Easy To.Solder

Send For Our Card Of
75 Samples

F. R. ZERICK MFG. WORKS
68-72 E. 131¢t St., New York, N. Y.

Eleotrohm Reslslors are por Fused—Fired—Baked—ota. w aly desres besovd
Lie annealing polul of Lhe realdinhce wire; CODLuots holween wire nnd
terminals are noy Brazed--8pot-\Velile l—so(demd—-doa id—et0.; wl) these
molhods cause nlcke) oxida which has been tba ''YWalerlco'” of realstors for
vearly bal¢ & ecotury

Manufaciurars—Sand us yaur Reslslor epeclficatians and we will snhimit

ELECTROHM (wouko) RESISTORS

Durabie—Dependable—Accurate—Economical
—Correctly Rated

Four Years’ Service in the Equipment of the

New York Stock Exchange

Withouat a Breakdown .
No Other Resistor Can Boast This Record.

Elsalcohm Rewlstors havo proven thelr sugerfority.
Specify Eleetrobm Reslators In your naw mcdels. k your dealer for ther.

iumples and quotatiens,

ELECTRICAL RESISTORS, INC.

179 Riverdale Ave. . 24 Onondaga St., Yo:akers, N. Y.
__Telepho one Nepperhan 5658

Welcome to
New York and

(LINTON

Opposite Penn. R. R. Station
Nuw York’s new Jiotel truly expressive of
the fnn!csl city, 1200 plenssnt rooms

with Servidor, bath, cireulating
fee waler and radio provisions,

7% AVENUE

AT STREET
/

Cnopnous

HJANDI - MIKE
MOST EFFICIENT GENERAL
UTILITYMLCROQHONE KNOWN

List |O Camplckc

The reoly periscted single burton
hand microphone, Two models, ** Reg-
wlac'' and '"Special Home Recording."
Smrnuﬁfﬂ\yd:mrci diaphragm, gold
olated tvircan, toggle switch, 15-foot
co-d, lumshed bronze or gunr 1\enl
Dealers, write fo¢ our “dizect deal.’
Gee ouc complere catalog.

No. 1278 UNIVERSAL
™y Transformer  MICROPHONE CO., Lid.
lnpunmm formar b3 Han Povh 8lvd.
i fo
z inele Buson Wl INGLEWOOD, CALIF.
Prifary, 100600 picrophones $5 1o $330, Alw esbles, plugs, rrantform-
):tt:jx: i’}.i'pill'-}’%f ers, mounhings, stands, ere. Experr microphane repairs.

Introducing the Latest
MIDWEST
Condenser Microphone

The result of years of intensive
engineering research — this mi-
crophone provides natural, life-
like reproduction, responding
faithfully to frequencies from 30
to 10,000 cycles. It is free from
background noises and is not
affected by climatic or tempera-
ture changes.
All MIDWEST equipment is
Superior in Quality

Low In Price
Guaranteed

Midwest Broadcast Equipmont Co,
6007 Diverscy Ave., Chicago, U. 8. A,

Condensar Microphone
and Am‘??lﬁar Noll 125
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FAHNESTOCK CLIPS

Standard in the Radio Industry
Made in 58 Sizes and Shapes

Send far Samples and Prices

FAHNESTOCK ELECTRIC COMPANY — Long Island City, N. Y.

AAAAAAAAAAAAAALAAAAAAAAAAALAAAAAALAAAAAAAS

NEW

“CONOID”
R. F. Colls

Superior guality at low
cost—highest eficlency
—air core, no absorp-
tion loss—Ilow high fre-
quency resistance—
small size, copper can
2" diameter 134" deep.

AUTO and MIDGET
set manufacturors fur-
. nished samples free of
Patens  Pending charge.

PREMIER ELELTRIL COMPANY

1802 Grace Street Eustablished 1006  Chicage, U. S. A.
AAAAAAAAAAALAAAAAAAAALAAAAAAAAAAAAAAAAAAAAAL

The new Electrad Oatalog covers the complete llne of
Electrad Reslstors, Voltage Comtrals nnd Loftin-Whita
Ampliflers, including soveral important new prodacts.

In additlon, it contnlns a great deal of helpful infor-
matlion on regiatance problema that confront manufac-
turers and professinnal pervico men.

In order that we may be certnin it resches only those
who can make good ume of It, pleaso request your copy
on your buslncres statlonery, nddresalng Dopt. RE-6.

173 Varick 61, New York. N.X-

— ELECTRAD

Omvan S a v

When you need something'

SPECIAL-

Short Wave Superhets
Keying Relays
Frequency Meters
Audio Oascillators
Wave Meters
Frequency OQscillators

If you have a problem in your
plaal or laboratery, or nced egeclal
equipment for tesling or communl-
catlon, wc are In a position te
assiat you.

3-Stage Reslatance Amplifier
Small, neat und extremely
serviceable. Combines maxi-
mum amplification wilh mini-
mum dlatortion.

WIRELESS EGERT ENGINEERING
179 Greenwich Strest, New Yark

ELLIS

MICROPHONES

AND ACCESSORIES
FOR DETAlLs

WRITE
ELLIS ELECTRICAL LABORATOR

UL Comeraiion

337 WEST MADISON ST CHICAGO, ILLINOIS

ERRANTI

For AMPLIFIERS and Special Impedance
MATCHING TRANSFORMERS

to meet precision requirements

Write for information.

FERRANTI, Inec.

130 W. 42nd St., New York

LAMINATIONS =

for Audio & Power Transformers
SPECIALIZED METHODS—YEARS OF EXPEBIENOE
Wide Variety of Stock Standard Sizes
Dimension and Price Sheeta an requess
We Also Make
PERMANENT MAGNETS8—DIES—TOOLS—
METAL STAMPINGS
Facilities for prompt service

Thomas & Skinner /90 fo 1120
E.Twenty-Third St
Steel Products Co. iworawsvouss, wo.

F, offer to manufac~
turers interested in

EXPORT

the services of a dependable organization,
well established in the entire foreign field

AD. AURIEMA, INC,

Manufactarers’ Export Managers
116 Broad Street, New York, N. Y.

De WALD

PENTODE RADIO TRIO
Llcensod By RBR.C.A.

A Chassis for Every Purpose
¥or A.C. or D.C. Currents
Write Far FPull Particulars N

PIERCE AIRO, INC. N Yok ‘ot
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THE Group Subscription
Plan for Rapio ENGINEER-
ING enables a group of engi-
neers or department heads
to subscribe at one-half the
usual yearly rate.

The regular individual rate
is $2.00 a year. In groups of
4 or more, the subscription
rate is $1.00 a year. (In for-
eign countries $2.00.)

The engineering depart-
ments of hundreds of manu-
facturers in the radio and
allied industries have used
this Group Plan for years, in
renewing their subscriptions
to Radio Engineering.

Fach subscriber should print
his name and address clearly
and state his occupation--
whether an executive, engi-
neer, department head, plant
superintendent, foreman or
technician, etc.

Remember this Group
Plan when Your
Subscription Expires

(Radio Engineering)

Bryan Davis Publishing Co., Inc.,
52 Vanderbilt Ave.,
N. Y., N.Y.

Los Angeles Chicago Cleveland

——
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WWM
MAKE SURE
REPEAT BUSINESS

FIRST!

That’'s where the real profit is. First sanles nre
londed with development, productlon and promo-
tion costs, Forced snles, if possible at all, entail
heavy ndvertlsing and kelling expense.  Yes, for
ceal profits you must wnake sure that your product
can win a reputation that brings those low enst
REPEAT SALES.

To help mnke your new lules “best sellers'” and
“repeaters,’t use Pansteel rare melnls In overy vitnl
part., They run oulform, perform dependably, are
accaralg in dimenzion.  Fansteel refines them di-
reet from ores and
bagle salts, under
constaut epntrol of

a Inboratory stall FANSTEEL

that knows tubes

and knows what Rare Mefa,

tube mnkers neecl. WM'E and Shee‘

Fnnsteet ls a  de- [

vendable sovrce of g For Grids

qupply and s pre-

pared to f(urnish n For Plates

metal Just right for For Filaments

your wuse, from i or Heaters

wide Ilne of rare For Hooks, Springs

wotals and stand- SUPpon Members

ard or specinl wl- . For Screens

loys. Large stock . v

for immediate de- For sPe‘“" Uses

liveries. e e )

=

TWrite for sumples WANT SAMPLES?

and prices or ask Just wilte here metol wanlad, di-

Jor a representative mensions wire of sheet, ond uso
to call intended; clip coupon (o letter-

head and mail.

FANSTEEL
PRODUCTS COMPANY
INC.

North Ohicago, Illinois ————

TANTALUM TU NGSTEN MOLYBDEN UM

and RARE METAL ALLOYS



Page 82

RADIC ENGINEERING

SERVICE
ON

WAXES—AI kinds.

Covered and
and Electrical Cables, Etc.

ing Devices and Specials.

‘Rubber-Cavered Wire.

PR AN EHED 18

DEPENDABLE

QUALITY — UNIFORMITY

WAXES — & — MELTABLE
INSULATING and WEATHER-
PROOFING COMPOUNDS

IMPREGNATIONS—Condensers, Coils, Rubber-
Weather-Proofed Wire, Telephane

SEALING COMPQUNDS—Coils,
Batteries (Wet & Dry), Pot Heads, Cables, Wir-

FINISHING—AIl gradea of Weather Proof and

SPECIAL COMPOUNDS

Candensers,

35th St. & Maplewood
Chicago, IlL

"“For over 35 yrs.”

Ave.

WIRE —Aatennae (plain oc enameled).
necting and Ground (Rubber covered, braided
or plain).

ROEBLING

Con-

STRAND. .Antennze (plain or en-

ameled) —Double Galvanized.

BUS BAR-. Litzendraht-Loop

MAGNET (Cocton or Silk)

WIRE

PRODUCTS

JOHN A. ROEBLING’S SONS CO.

Trenton, N. J. Branches in Principal Cities

|

INDEX OF ADVERTISERS
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Page 83

JUNE, 1931
[ - ‘ —
GEN-RAL] ... your apparatus
Reg. U. S. Pat. |
C 0 l L S | < [SUPER-DAVOHH]_ * is built
with | 5, N (LB for

Variations as Required eI S quality and
performance,

consider . . .

SUPER-
Aceuracy to .1 of 1%. DAVOHM

Low disiributed capacity.

| | sosacere. — RESISTORS

Elcelrically noiseless.

All standard values in stock

CX 100-D.V.M. ' Ranges {from .1 ohm to
. 1 megohms.
Superheterodyne Intermediate 00 Simggshms ¢
FrequencY Un|+ C om pl ete THE DAVEN COMPANY
Poaked at 175 K.C. | RESISTOR SPECIALISTS

Guneral Office and Factory

SENIE . MEG. CO.
GENERALMIC 158-160 Summit Strect, Newark, N. J.

HOO3 RO, CHICAUGO AV, CHICAUO, 1L,

OHNSON'S

INDUSTRIAL TAPE

@OES not need a loud-
speaker to broadcast ire

perfection.

MULTIPLE TAP SWITCHES

T ALY
Radio engineers all know of No. 7070 A No. 7000 A
and rec0gnizc its superiority, Standard and special designs
its holding properties, lasting PHONO-MOTOR SWITCHES
adhesion and non-corrosive .

action. It will outlast any
other tape put to
similar usage.

$

Write for free sample and convince
yourself of its excellence

No. 7030 A

Our plant und englncering facillties lend themnselves to
—_—— the prodnction of special requirements on e’hort notice.

JOHNSON & JOHNSON Inqulries wollcited.
New Brunswick, N. J. Soreng Manego]_d Co.

77) Mather St. Chicago, 1L
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NEW IDEAS

NDUSTRY, in the year 1931, Is
going to need (and get) a lot of
constructive thinking, Old methods
will be scrapped. New ideas will be
welcomed, and money will be made
by those who originate economies.

If your thinking is along the lines
of reduced overhead, lower manu-
facturing costs, beiter sppearance,
valve or performance, check your
theories against the versadle prop-
erties and uses of NVF products.

Phenolite gear for a household
appliance.

Combination Phenolite and fibre
bigh-tension fuse tube,

Phenolite donble channel forrefriger-
ated show case insulation and rasnner,

AN NVF producis—their uses, prop~
erties and workabilities are fully de-
tailed in ‘‘Fact-Sheets of Industry.”
May we send you a copy?

NVF

RADIO ENGINEERING

“Let’s see what
National can do about it”

“I think we're working in the right direction all right, but this trial-and-
error business is costing us money. Why not tell National what we are try-
ing to accomplish here and put it up to them to furnish us with the right
material for the job. After all, that’s their business.”

< b Y

URNING the job over to us isn’t shirking re-

sponsibility —it’s simply a time saving, money
saving move that many a manufacturer has sug-
gested to his engineers with happy results.

Vulcanized Fibre and Phenolite (laminated bake-
lite) are versatile materials applicable to a thousand-
and-one uses. But to make practical the improve-
ment ideas of designers and engineers often requires
an intimate knowledge of the properties and char-
acteristics of these materials. And right there is
where National, with 58 years in this specialized
business, can render you valuable service. Tell us
what you’re after and let us work out the practical,
economical solution. Our services on development
are gratis.

NATIONAL VULCANIZED FIBRE CO.

Wilmington, Delaware Offices in principal cities

WiLLrams Press, INC, NEW YORK——ALBANY




News
of the

Moment

Short Wave
Converter S

You will be
in Dongan
Transform
Chokes. Many

Transformers A

ready in service.
for information.

Manufacturers of

Television

When you want
a Power Supply
Unit or Special
type Trans-
former for Tele-
visfon we cen
supply .

Ask for Delails.

There is a Deadline
on Quality

Beyond that Deadline we refuse to trespass.

Yes, it is possible to reduce costs and then
reduce prices. But there is a point where
efficiency and machinery must stop—unless, of
course, Quality is taken out of the product.
And progress in any industry was never
achieved by eliminating Quality. Sales may
mount for a brief season but the future of that
product is definitely killed.

Certainly huge strides in manufacturing have
been made in the Dongan Transformer plant.
Every known device is utilized to build Trans-
formers at low costs. These savings are offered
to you in the shape of lower prices.

Quality, however, is still the dominate char-
acteristic of every single Dongan Transformer.
No attempt is made to compete with products
that have gone beyond the Deadline. A few
cents, one way or the other, sometimes makes
a world of difference.

Dongan Electric Mfg. Co.
2991-3001 Franklin St.,, Detroit




Sensitive condenser assemblies used in super-hetero-
dyne circuits require very efficient insulation. Iri the con-
denser used by Remler Company, Ltd., the problem of
fastening the plates firmly and at the same time insulat-
ing them from the steel shafts onwhich they are mounted,
was solved in a most skilful and interesting manner.

A special Bakelite Molding Material was developed for
the purpose. As a precaution against shrinking and
cracking, the steel shaft is first heated to the molding
temperature. Then the insulation is molded directly upon
the shaft within the press. When assembled, the con-

molded directly onto steel

Condenser assembly
vsed by Remler Com-
pany, lid. in theirioble
sized Super-Hetero-
dyne radio receiver.

§
-

denser plates arée ,
and are effectivelyins |
Bakelite Molded insulation has been favored for in-
numerable radio needs since the earliest days of broad-
cast reception. lts high insulation valve, mechanical
strength, and resistance to moisture have caused it to
be preferred by radio engineers. lts adaptability to mul-
tiple production, to intricate designs, and to extremely
accurate formation without machining, hos led it to be
the choice of production men. Write for Booklet 38M,
“Bakelite Melded, showing many interesting applications.

Bakelite Engineering Service —We manufacture a wide variety of Bakelile resinoid molding materials, varnishes, lacquers, enamals, cements, and
other products. Twenty-one years éxperience in the development of these malerials for radio ond other uses, provides a valuoble background
for the cooperation offered by our engineers and laboratories.

BAKELITE CORPORATION, 247 Park Avenue, New York.

CHICAGO OFFICE, 635 West Twenty-second Street

BAKELITE CORPORATION OF CANADA, LIMITED, 163 Dufferin Street, Toronto, Ontario

BAK

AELTIRID

The ragistered brade maiks 1howa abave dislinguish molerials
ronulachsed by Botclte Coporalion Unider e capilal ™" is Ihe

LITE

L & PAT. GFF.

rumiricnl sign bt isfinky, of imlimited quaniity. It symbolizas the infiaxe:
rembes of prenenl and havew wes of Bokelite Carporation’s products.

THE MATERIAL OF A THOUSAND USES.



